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 ABSTRACT 
 
Forty-seven taxa of gastropods are described from the Cenomanian–Turonian (Upper 
Cretaceous) of the Sergipe Basin in north-eastern Brazil. Because of the generally poor 
preservation as moulds lacking diagnostic characters, the majority of the taxa are left in open 
nomenclature. The fauna is dominated by Caenogastropoda (83 %), with subordinate 
Heterobranchia (14 %) and Vetigastropoda (3 %) and comprises the cosmopolitan genera 
Turbo (Turbinidae); Pseudamaura (Pseudamaurinidae); Mesalia and Turritella 
(Turritellidae); “Cerithium” (Cerithiidae); Gyrodes and Euspira (Naticidae); Aporrhais, 
Drepanocheilus, Piestochilus and Anchura (Aporrhaidae); Tylostoma (Tylostomatidae); 
Acirsa and Epitonium (Epitoniidae); Fasciolaria (Fasciolariidae); Trophon (Muricidae); 
Volutilithes and Volutomorpha (Volutodermidae); Pyropsis (Pyropsidae); Nerinea 
(Nerineidae); Avellana (Ringiculidae); Bulla (Bullidae) and Cylichna (Bullomorpha). The 
taxa are similar to those of the Tethys, the Western Interior Seaway and the North and South 
Atlantic. On the basis of representatives of the genera Gyrodes, Piestochilus and 
Pseudamaura, an upper Turonian assemblage zone, the Piestochilus? (Cryptorhytis?) 
bleicheri Zone, is established. The presence of endobenthic filtering genera indicates soft 
substrate in shallow waters with high nutrient levels in near-bottom waters. The oceanic 
anoxic event 2 (OAE 2) at the Cenomanian−Turonian boundary apparently did not influence 
the gastropod fauna. Three-dimensional (3D) data enable the generation of high-resolution 
visualizations based on mathematical algorithms. In addition to the advantage of digital 
preservation, surface details are made visible and accentuated without damaging the original 
specimens, and the recognition of characters and shell morphology as well as illustration of 
the specimens are facilitated. 
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 KURZFASSUNG 
 
47 Gastropodentaxa aus dem Cenoman–Turon (Oberkreide) des Sergipe-Beckens in Nordost-
Brasilien werden taxonomisch beschrieben. Aufgrund der allgemein schlechten Erhaltung 
diagnostischer Merkmale wird für einen Großteil der Taxa offene Nomenklatur verwendet. 
Die Fauna wird durch Caenogastropoda (83 %) dominiert, untergeordnet mit Heterobranchia 
(14 %) and Vetigastropoda (3 %) und umfasst die kosmopolitischen Gattungen Turbo 
(Turbinidae); Pseudamaura (Pseudamaurinidae); Mesalia und Turritella (Turritellidae); 
„Cerithium“ (Cerithiidae); Gyrodes und Euspira (Naticidae); Aporrhais, Drepanocheilus, 
Piestochilus und Anchura (Aporrhaidae); Tylostoma (Tylostomatidae); Acirsa und Epitonium 
(Epitoniidae); Fasciolaria (Fasciolariidae); Trophon (Muricidae); Volutilithes und 
Volutomorpha (Volutodermidae); Pyropsis (Pyropsidae); Nerinea (Nerineidae); Avellana 
(Ringiculidae); Bulla (Bullidae) und Cylichna (Bullomorpha). Die Taxa sind vergleichbar mit 
denen aus der Tethys, dem nordamerikanischen Western-Interior-Meer und dem Nord- und 
Südatlantikraum. Anhand von Vertretern der Gattungen Gyrodes, Piestochilus und 
Pseudamaura wird regional die Piestochilus? (Cryptorhytis?) bleicheri Vergesellschaftungs-
zone im Oberturon eingeführt. Die Anwesenheit von endobenthischen, filternden Gattungen 
dient als Indikator für Flachwasserbedingungen, mit weichem Substrat und einer guten 
Versorgung des bodennahen Wassers mit Nährstoffen. Das ozeanische anoxische Ereignis 2 
(OAE 2) an der Cenoman–Turon-Grenze hatte scheinbar keinen Einfluss auf die 
Gastropoden-Fauna. Dreidimensionale (3D) Daten ermöglichen durch mathematische 
Algorithmen die hochauflösende Darstellung der Oberfläche, wodurch zusätzlich neben der 
digitalen Erhaltung Oberflächendetails hervorgehoben werden ohne das Originalmaterial zu 
beschädigen. Die Erkennung morphologischer Merkmale, sowie die Abbildung der 
Exemplare wird dadurch erleichtert. 
 
 
Schlüsselwörter: Kreide, Cenoman, Turon, Gastropoden, Biostratigraphie, Paläobiogeographie, Paläoökologie, 
OAE 2, Sergipe-Becken, Brasilien, 3D-Visualisierung. 
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1. INTRODUCTION 
 
 The Upper Cretaceous marine succession of the Sergipe Basin, a sub-basin of the Sergipe-
Alagoas Basin in north-eastern Brazil, contains abundant macrofossils, dominated by 
ammonites, bivalves, gastropods and echinoids (Bengtson 1983). The gastropod material 
studied here is mainly part of the extensive collection brought together by P. and S.I. 
Bengtson over the past four decades (Uppsala University, 1970–1990; Heidelberg University, 
1990 to date).  
 So far, the ammonites, inoceramid bivalves, selected non-inoceramid bivalve groups and 
echinoids of the collection have been the subject of taxonomic and/or biostratigraphic studies 
(e.g., G. Beurlen 1970; Reyment and Tait 1972; Reyment et al. 1976; Bengtson 1979, 1983; 
Smith and Bengtson 1991; Koutsoukos and Bengtson 1993; Walter and Bengtson 1998; 
Seeling 1999; Walter et al. 2005; Hessel 1988; Andrade et al. 2003; Andrade 2005; Andrade 
et al. 2006), whereas the gastropods have only been studied preliminarily for two diploma 
theses (Burrer 2002; Dietzel 2002). The material consists of 1071 specimens, referred to 16 
families (Turbinidae, Pseudamaurinidae, Turritellidae, Cerithiidae, Naticidae, Aporrhaidae, 
Tylostomatidae, Epitoniidae, Fasciolariidae, Muricidae, Volutodermidae, Pyropsidae, 
Nerineidae, Ringiculidae, Bullidae and the informal group Bullomorpha),! with 47 taxa of 
Cenomanian, Turonian and possibly early Coniacian age. A total of 301 specimens are 
unidentifiable, represented only by broken parts. In general, only broad characters, such as 
overall shape, ornamentation, suture and aperture contribute here to the classification and the 
majority of the taxa are left in open nomenclature. Besides taxonomic descriptions, the 
biostratigraphic potential, palaeobiogeography, palaeoecology of the gastropod fauna and the 
application of three-dimensional (3D) scans, using the GigaMesh software (Mara et al. 2010; 
Mara 2012) to verify the visualization of diagnostic characters, are discussed.  
 The results will contribute to the understanding of the Sergipe gastropod fauna, to their 
geographical distribution during mid-Cretaceous times and provide biostratigraphic and 
palaeoecologic information. 
 
 
 
 
 
 
2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 3 
 
2. GEOLOGICAL SETTING 
 
 The Sergipe Basin is structurally a sub-basin of the Sergipe-Alagoas Basin, a continental 
margin basin along the north-western South Atlantic margin (Text-fig. 1). The basin extends 
along the coast of the state of Sergipe in north-eastern Brazil and occupies an area of 6000 
km2 onshore and an additional 5000 km2 offshore (Koutsoukos 1998).  
 
 
 
 
 
Text-fig. 1. Map of north-eastern Brazil. Dotted areas indicate continental margin basins. Abbreviations of state 
names: AL = Alagoas, BA = Bahia, CE = Ceará, MA = Maranhão, PB = Paraíba, PE = Pernambuco, PI = Piauí, 
RN = Rio Grande do Norte, SE = Sergipe (adapted from numerous sources, e.g., Bengtson 1983; Seeling 1999; 
Carvalho 2001).  
 
 
 
 
 The Sergipe Basin was formed during the break-up of the African–South American 
continent. Its African counterpart is the Gabon Basin (Wilson and Williams 1979; Castro 
1987). During the Aptian, an initially intermittent shallow-water connection was established 
between the South and North Atlantic (e.g., Barron 1987; Petri 1987; Handoh et al. 1999; 
Bengtson et al. 2007; Moulin et al. 2010). For details of the geological history and 
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stratigraphy of the basin, see, for example, Schaller (1970), Ojeda and Fugita (1976), Ponte et 
al. (1980), Ojeda (1982), Bengtson (1983), Chang et al. (1988), Koutsoukos et al. (1991), 
Koutsoukos and Bengtson (1993), Mabesoone (1994), Feijó (1995) and Souza-Lima et al. 
(2002). 
 The late Mesozoic continental margin basins of Brazil can be divided into Central Atlantic 
basins, comprising the Amapá to Potiguar basins, and South Atlantic basins, comprising the 
Sergipe-Alagoas to Pelotas basins. The Pernambuco-Paraíba Basin occupies an intermediate 
position between these two basin groups (e.g., Ojeda 1982; Bengtson 1983; Castro 1987; 
Chang et al. 1988).  
 The Cenomanian−Coniacian sedimentary succession of the Sergipe Basin corresponds to 
the Cotinguiba Formation, which was deposited in neritic to upper bathyal settings on a 
carbonate ramp (Koutsoukos et al. 1993). The formation is subdivided into the Aracaju and 
Sapucari members. The Aracaju Member is composed of grey to green calcareous claystones 
and siltstones, with intercalations of chestnut-brown bituminous shales and yellowish 
limestones. The Sapucari Member is characterized by mainly grey to yellowish, massive or 
laminated limestones, which locally may be slightly dolomitized or silicified. Clay layers 
grading into marls, breccia and coquina banks occur commonly (Bengtson 1983). The average 
thickness of the Cotinguiba Formation is approximately 200 m, although in some areas it may 
exceed 1000 m (Schaller 1970; Bandeira Junior 1978). A characteristic of the formation is the 
apparent facies variations within small areas. Some of these are artefacts caused by 
weathering or tectonic activity, but true lateral facies changes are also common, reflecting 
variable depositional conditions in the basin. Syn- and post-depositional structures as well as 
diagenetic structures include slumps, small-scale faults, sink-holes, caves, chert beds and 
nodules, flaser bedding, vugs and tensional cracks (Bengtson 1983).  
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3. BIOSTRATIGRAPHY 
 
 The first biostratigraphic zonation for the Sergipe Basin was based on Foraminifera and 
ammonites (K. Beurlen 1961a; Petri 1962). Since then, various biostratigraphic studies of the 
Cenomanian–Coniacian Cotinguiba Formation have been performed on the basis of 
ammonites (G. Beurlen 1970; Reyment and Tait 1972; Reyment et al. 1976; Bengtson 1979, 
1983; Smith and Bengtson 1991; Koutsoukos and Bengtson 1993; Walter and Bengtson 1998; 
Seeling 1999; Walter et al. 2005), inoceramid bivalves (Hessel 1988; Andrade et al. 2003; 
Andrade 2005; Andrade et al. 2006), Foraminifera (Koutsoukos 1989; Koutsoukos and 
Bengtson 1993), nannofossils (Cunha 2001; Cunha and Koutsoukos 2001), ostracodes 
(Viviers et al. 2000) and palynomorphs (Müller 1966; Regali et al. 1974, 1975; Lima and 
Boltenhagen 1981). An integrated foraminifer–ammonite zonation was established by 
Koutsoukos and Bengtson (1993).  
 The current ammonite zonation forms the biostratigraphic framework for the present 
study (Text-fig. 2) (based on Smith and Bengtson 1991; Koutsoukos and Bengtson 1993; 
Seeling and Bengtson 1999; S.I. Bengtson et al. 2005). The Turonian–Coniacian boundary 
position is unclear. Seeling and Bengtson (2003) argued that the occurrence of Didymotis 
costatus (Frič, 1893) within the Forresteria armata–Prionocycloceras lenti zone indicates 
Coniacian age. Andrade (2005) and S.I. Bengtson et al. (2005) noted that only Peroniceras 
and possibly specimens of F. (Solgerites) can be referred to the Coniacian, but until further 
information becomes available the boundary is provisional. Localities that have yielded 
gastropods are listed with their corresponding biostratigraphic assignments. For locality 
descriptions, see Bengtson (1983). 
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Text-fig. 2. Biostratigraphic assignment of gastropod localities. The Turonian–Coniacian boundary zonation is 
provisional; for discussion, see Andrade (2005); S.I. Bengtson and Andrade (2005); S.I. Bengtson et al. (2005). 
Zonal heights are not to scale. Dashed lines denote uncertainty of boundaries between stages, not yet defined by 
GSSPs, or biostratigraphic assignment. Localities with only indeterminate specimens are listed in the appendix. 
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4. HISTORICAL REVIEW 
 
 The large number of publications on the Cretaceous of the Sergipe Basin is chiefly a result 
of the extensive petroleum exploration in the area, carried out since 1940 (Bengtson 1983). 
Before that date, sporadic geological and palaeontological studies had been undertaken, some 
of which resulted in important monographs documenting the fossil fauna. 
 The first description of a gastropod from Sergipe was by Hyatt (1870), who described 
Natica praelonga Leymerie, 1842, of uncertain, possibly Albian age. Subsequently, White 
(1887) described numerous invertebrates (ammonites, bivalves, gastropods and echinoids) 
from the Cretaceous of Brazil, among which 17 species of gastropods from the Albian of 
Sergipe and one species, Mesalia hebe n.sp., from the Cenomanian–Coniacian succession 
studied here (possibly upper Cenomanian). White’s work was revised by Maury (1937), who 
also described the new species Nerinella itaporangica from Itaporanga (possibly lower 
Cenomanian, although given as “Probably Middle Albian”). In some of the subsequent studies 
gastropod species from the Aptian−Albian Riachuelo Formation were also listed, figured or 
described (Duarte 1935, 1938; Beurlen 1961a, b, 1964b; Reyment and Tait 1972; Cassab 
1982; Hessel and Carvalho 1988; Condé 1996; Hessel 2005). Beurlen (1961a) reported 
Turritella, Tylostoma and cf. Piestochilus bleicheri (Thomas et Péron) (1961b) from the 
Cotinguiba Formation and Anchura sp., Ampullospira whitei Cossmann, Epitonium pyrene 
White, Cerithium riachuelanum Maury, Euspira sergipensis Maury, Lunatia subhumerosa 
White, Monodonta sp., Natica engenholyrae Maury, Nerinea sp., Gasteropodo indet., 
Paraclauconia lyrica Maury, Tylostoma minimum White and Turbo sp. were reported by 
Duarte (1938) from the Turonian of the Sergipe Basin or without an age assignment (also 
listed by Bengtson 1983, Table 3) with taxonomic remarks by J.P. Lefranc. In a conference 
abstract, Lefranc (1977) published a list of Cenomanian–Turonian gastropods of Sergipe, 
which subsequently was revised and expanded (Lefranc in Bengtson 1983, table 3, pp. 44–
47). The specimens studied by Lefranc belong to the material described here. 
 Seeling (1999) commented on the determinations by Lefranc and added some taxonomic 
remarks on the material. The collection studied here has also been the subject of two diploma 
theses at Heidelberg University (Burrer 2002; Dietzel 2002). Andrade and Felix (2012) listed 
the taxa described in these diploma theses, but because of the preliminary character of the 
studies, they are not further discussed here. 
 In a conference abstract, Felix et al. (2011) reported twenty-three fossil gastropods from 
the Turonian of locality Mata 11 (described by Seeling 2004; Andrade 2005; Manso and 
Andrade 2008), which were subsequently described by Andrade and Felix (2012) as Akera 
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sp.; Ampullina (Pseudamaura) bulbiformis (Sowerby, 1831); Aporrhais (Helicaulax) 
subgibbosus? Pervinquière, 1912; Aporrhais sp.; Fasciolaria? sp.; Fusus? sp.; Mesalia sp.; 
Piestochilus cf. bleicheri (Thomas & Péron, 1889); Piestochilus (Cryptorhytis)? sp. and 
Solarium sp. The assemblage is dominated by the family Aporrhaidae, which agrees with the 
present study. Some of the taxa described by Andrade and Felix (2012) were not figured 
(Akera sp., Fusus sp.) which makes comparison difficult. The genera and Solarium sp. and 
Akera sp. reported have not been identified in the present study. 
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5. MATERIAL AND METHODS 
 
 The present study is based on the collections of P. and S.I. Bengtson from the years 1971–
1972 (Bengtson 1983) and additional material collected by P. Bengtson from 1977 onwards. 
A few specimens collected by R.A. Reyment (Uppsala University) and E.A. Tait (University 
of Aberdeen) in 1969 are also included. In 1975 and 1983 a part of the material was loaned 
from Uppsala to J.P. Lefranc at Montpellier, later transferred to his home in Premery 
(France). In 1991 the remaining material at Uppsala was transferred to Heidelberg, and in 
1992 the material loaned to J.P. Lefranc was returned and incorporated with the material at 
Heidelberg (private communication, P. Bengtson). During all these relocations several 
specimens were unfortunately lost; the collection now comprises 1079 specimens out of the 
originally c. 1500 specimens (Bengtson 1983). The material is housed in the collections of the 
Institute of Earth Sciences, Heidelberg University, Germany. The specimens are preserved 
predominantly as internal moulds, smooth or with only faint traces of shell ornamentation. A 
few specimens are deformed. The few morphological characters preserved do not permit 
reliable determination, and therefore most of the taxa are left in open nomenclature. In order 
to test the potential of 3D visualization and the software GigaMesh (Mara et al. 2010; Mara 
2012), two gastropods (C28.11, C37.11) were scanned with a Breuckmann smartSCAN 3D-
HE scanner to visualize surface details (for details, see chapter 10).  
 Over the past 80 years, a variety of classification systems for gastropods have been in use. 
Recent forms are identified on the basis of the development of the protoconch, a character that 
is rarely preserved in fossil specimens. Ayoub-Hannaa and Fürsich (2011, p. 149, figure 22) 
even suggested that reliable determination of specimens preserved as moulds lacking 
important morphological characters (such as original shell, protoconch and ornamentation) is 
feasible only to family level.  
 In the present study, the systematics of Thiele (1931), Wenz (1938), Knight et al. (1960a, 
b), Bandel and Frýda (1998) and Bouchet and Rocroi (2005) are used. Modifications by 
Poppe and Tagaro (2006) refer to extant families. For details of the Subclass Vetigastropoda 
(= Archaeogastropoda), see Williams et al. (2007) and Kano (2008), for the Order 
Architaenioglossa, see Kase and Ishikwa (2003) and for the Order Strombimorpha, see 
Bandel (2007) and Kollmann (2009). Unless otherwise noted, data on type species are from 
Wenz (1938), Termier and Termier (1952), Shimer and Shrock (1959), Knight et al. (1960a, 
b), Pchelintsev and Korobkov (1960), Sohl (1960, 1964a, b) or Akers and Akers (1997). 
 In the older literature, localities are often assigned to the “Senonian”, "Emscherian" or 
"Rhotomagian". These obsolete units comprise approximately the Santonian–Maastrichtian, 
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Coniacian–Santonian and Cenomanian stages, respectively. Localities broadly assigned to the 
Cretaceous or Upper Cretaceous are left as such, pending revision of the specific faunas (such 
as the revision of d’Orbigny (1842) by Kollmann (2005b)). 
 Abbreviations and symbols in nomenclatural expressions follow Matthews (1973) and 
Bengtson (1988). The abbreviation cf. in the synonymy list is used in a broad sense to indicate 
overall similarity but not necessarily conspecificity. The morphological terminology and 
abbreviations used are shown in Text-fig. 3. 
 
 
 
 
 
Text-fig. 3. Terminology (A) and dimensions (B) of gastropod shells (adapted from various sources). 
 
 
 
 
Abbreviations and symbols in synonymy lists (in front of the year):  
* with publication of this work, the species is regarded as valid under the terms of the 
ICZN (Matthews 1973) 
?  possibly a synonym of the cited taxon  
(?) it is probable that the reference applies to the species under discussion, but this cannot 
be established with certainty (originals could not be checked, illustrations and 
descriptions were insufficient to justify firm identification) (Matthews 1973) 
cf.  used in a broad sense to indicate overall similarity but not necessarily conspecificity 
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non  not the cited taxon 
v vidimus; the specimen(s) have been checked (Matthews 1973) 
 
The size (height) of the specimens stated in the descriptions is grouped into small (< 15 
mm), medium (15–100 mm) and large (> 100 mm).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
12 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 13 
 
6. SYSTEMATIC PALAEONTOLOGY 
 
Phyllum Mollusca Linnaeus, 1758  
Class Gastropoda Cuvier, 1798  
Subclass Vetigastropoda Salvini-Plawen, 1980  
Family Turbinidae Rafinesque, 1815  
Subfamily Turbininae Rafinesque, 1815  
Genus Turbo Linnaeus, 1758  
 
TYPE SPECIES: Turbo petholatus Linnaeus, 1758, by subsequent designation by Montfort 
(1810). 
 
DIAGNOSIS: Shell trochiform, moderately high; first whorls rounded, without keels or 
spikes; ornamentation variable; body whorl large, mostly with strong spiral cords, nodes or 
spikes; aperture circular; lips connected, inner lip mostly widened or callused; operculum with 
porcelain shine, smooth or grained, not spiral, not ribbed, inside flat, with a central nucleus 
(based on Wenz 1938; Knight et al. 1960b, with modifications).  
 
SYNONYMS: Laeviturbo Cossmann, 1918a (obj. Knight et al. 1960b); Amphiboliturbo 
Magne, 1940; Neocollonia Kuroda and Habe, 1954 (Knight et al. 1960b). 
 
REMARKS: Williams (2007) pointed out that the genus Turbo is in need of systematic 
revision. Most monographic treatments of the genus are from the 19th Century, with no 
formal taxonomic revision for over 100 years. She noted that turban shells are fairly well 
represented in the fossil record but the taxonomic assignment is often questionable.  
 
 
Subgenus Turbo Linnaeus, 1758 
 
TYPE SPECIES: Turbo petholatus Linnaeus, 1758, by subsequent designation by Montfort 
(1810). 
 
DIAGNOSIS: Surface smooth; shell round; body whorl large; operculum with flat inside 
(Knight et al. 1960b). 
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Turbo? (Turbo?) sp. 
(Text-fig. 4G–H) 
 
MATERIAL: Two specimens, preserved as internal moulds, from the upper Turonian of 
Cajaíba 7 (C37.246) and the upper Turonian (possibly lower Coniacian) of Mucuri 15 
(C534.2), Sergipe Basin, Brazil. 
 
DESCRIPTION: The specimens are of medium-size, high spired and fusiform, without an 
anterior canal and consist of four strongly convex whorls without nodes or ribs. The surface is 
smooth and the suture deeply channelled. The aperture is teardrop-shaped.  
 
DIMENSIONS of Turbo? (Turbo?) sp.: 
Specimen no.  H (mm) W (mm) AA  SA 
C37.246    47   32   -  -  
C534.2     63   50   78°  36°  
 
DISCUSSION: Turbo? (Turbo?) sp. has a smooth surface, a deeply channelled suture and 
more rounded whorls than Turbo? (Marmarostoma?) sp.; Turbo? (Marmarostoma?) 
portentus? has faint spiral cords and a weak keel (both described below). 
 The teardrop shape of the aperture may be a preservational artefact and thus does not 
necessarily contradict the diagnosis. 
 
 
Subgenus Marmarostoma Swainson, 1829  
 
TYPE SPECIES: Turbo chrysostomus Linnaeus, 1758, by original designation. 
 
DIAGNOSIS: Shell large, mostly higher than broad; spire cone-shaped; whorls convex to 
angular, with simple, spinose or flaked spiral cords, rarely smooth; body whorl very large, 
rounded; lower side convex, mostly with narrow umbilicus; aperture circular; outer lip earlike 
extended; operculum smooth to granular, outside strongly convex (based on Wenz 1938; 
Knight et al. 1960b, with modifications).  
 
SYNONYMS: Senectus Swainson, 1840 (Wenz 1938; Knight et al. 1960b). 
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Turbo? (Marmarostoma?) portentus? White, 1887  
(Text-fig. 4I−J) 
 
 cf. *1887.   Turbo portentus (sp. nov.); White, p. 197, pl. 10, fig. 9. 
 cf.  1937.   Turbo portentus White; Maury, p. 187, pl. 13, fig. 1. 
 
MATERIAL: Three specimens, preserved as internal moulds, from the upper Turonian of 
Cajaíba 7 (C37.257), Oiteiro 19 (C41.128) and Oiteiro 26 (C215.27), Sergipe Basin, Brazil. 
 
DESCRIPTION: The medium-sized specimens are cone-shaped and consist of three to five 
medium-sized whorls with a moderately high spire. Whorls are rounded with a weak keel 
approximately in the middle of the body whorl and a nearly horizontal ramp. The surface of 
the moulds is smooth except for faint spiral cords above and below the shoulder. Remains of 
an anterior canal can be observed.  
 
DIMENSIONS of Turbo? (Marmarostoma?) portentus? White, 1887 (AA and SA not 
measurable): 
Specimen no.  H (mm) W (mm)  
C37.257    71   52  
C41.128    41   -  
C215.27    18   -  
 
DISCUSSION: The specimens show similarities to species of other genera, such as Fusinus 
Rafinesque, 1815, and Fasciolaria Lamarck, 1799, although both these genera are fusiform 
and have a distinct anterior canal. The circular aperture is a distinct character of Turbo, but 
the shape of the “aperture” of an internal mould may differ from that of the original shell. 
This tentative determination is based on the shape of the mould only. 
 The specimens studied here have less shouldered whorls than those described by White 
(1887) from the undifferentiated Cretaceous of Sergipe, Brazil. The number of spiral cords 
cannot be established.  
 Maury (1937) refigured White’s specimen and pointed out similarities to Turbo punctatus 
Zekeli, 1852, and T. dentatus Zekeli, 1852, from the Turonian and “Senonian” of Austria 
(Gosau Beds, Zekeli 1852) and to Tylostoma chihuahuaensis Böse, 1910, from the Albian of 
Mexico (Böse 1910). Tylostoma chihuahuaensis and Turbo punctatus differ from T. portentus 
in having more convex whorls, without a ramp. The shape of T. dentatus is more pyramidal. 
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OCCURRENCE: Turbo portentus White, 1887, is known from the Albian and possibly also 
the upper Turonian (this study) of Sergipe, Brazil.  
 
 
Turbo? (Marmarostoma?) sp. 
(Text-fig. 4A−F) 
 
MATERIAL: Sixteen specimens, preserved as incomplete internal moulds, from the lower or 
middle Turonian of São Roque 1 (C50.9), Pedra Furada 11 (C325.5) and Bumburum 5 
(C499.3), the upper Turonian of Cajaíba 7 (C37.9, 11, 194, 241–242, 244–245, 248, 340, 611) 
and Oiteiro 19 (C40.1), the upper Turonian (possibly lower Coniacian) of Mucuri 15 (C534.3) 
and the upper Turonian or lower Coniacian of Mucuri 7 (C26.101), Sergipe Basin, Brazil. 
 
DIMENSIONS of selected specimens of Turbo? (Marmarostoma?) sp.: 
Specimen no.  H (mm) W (mm) AA  SA  
C26.101    37   37   30°  -   
C37.9    50   41   -  -   
C37.11    68    53   37°  -   
C37.194   70   53   -  -   
C37.241   43   -   -  -   
C37.242   63    42   34°  -   
C37.244   32   26   -  -   
C37.248   51   39   45°  -   
C37.340   24   19   -  -   
C37.611    23   21   -  -   
C40.1     43   33   -  -   
C50.9     48   49   -  -   
C325.5     49   47   -  -   
C499.3     47   42   -  -    
C534.3    58    37   33°  55°    
 
DESCRIPTION: The specimens are medium sized, moderately high spired, cone-shaped to 
fusiform and consist of two to four convex to angular whorls. Only a small part of the apex is 
preserved. The whorls show a faint ramp with weak, centred nodes and up to eight fine spiral 
cords. The suture is impressed. The aperture is incomplete, apparently subovate; the lower 
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part is broken. There is no anterior canal or remains preserved. Growth lines are not visible. 
One specimen (C534.3) shows remains of four columellar folds.  
 
 
 
 
 
Text-fig. 4. A–F, Turbo? (Marmarostoma?) sp.; A, B, C37.242 from Cajaíba 7; A, apertural view; B, dorsal 
view. C, D, C37.11 from Cajaíba 7; C, dorsal view; D, apertural view. E, F, C534.3 from Mucuri 15; E, apertural 
view; F, dorsal view. G–H Turbo? (Turbo?) sp.; C534.2 from Mucuri 15; G, dorsal view; H, apertural view. I–J 
Turbo? (Marmarostoma?) portentus? White, 1887; I, C37.257 from Cajaíba 7; J, C41.128 from Oiteiro 19.  
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DISCUSSION: Generic assignment is hampered by the poor preservation. One specimen 
(C534.3) seems to have more convex whorls and a higher spire. The tentative assignment to 
the subgenus Marmarostoma is based on the shape of the mould, showing convex to angular 
whorls, the large body whorl and the remains of a spiral ornamentation (cf. Wenz 1938, fig. 
822). 
 The Sergipe specimens are similar to Amberleya dilleri Stanton, 1895, from, for example, 
the Tithonian (Upper Jurassic) of California, USA (Kiel et al. 2008), but the Sergipe moulds 
are smaller and too poorly preserved for a detailed comparison. Kiel et al. (2008) described 
one specimen of A. cf. dilleri from the Tithonian to Valanginian of California, USA, which is 
similar to the Sergipe specimens in its weak ornamentation on the internal moulds. 
A. morganensis (Stanton, 1895) from, for example, the Valanginian of California, USA (Kiel 
et al. 2008), is similar but higher spired and the tuberculate subsutural cord is missing. A. 
dorbignyana Hudleston, 1892, from the undifferentiated Jurassic of England, UK (Hudleston 
1892), is also higher spired and has a tuberculate row below the suture. 
 Hercorhyncus (Hercorhyncus) tippanus Conrad, 1869, from, for example, the Campanian 
and Maastrichtian (Alabama, Mississippi, Texas; Sohl 1964b; Akers and Akers 1997), USA, 
is similar to the Sergipe specimens, but the spiral cords on the body whorl, below the nodes, 
are not visible on internal moulds. H. vadosum Stephenson, 1941, from the Maastrichtian of 
Texas, USA (Stephenson 1941), is smaller and has – as in H. (H.) tippanus – spiral cords on 
the body whorl and axial ribs from the suture extending across the nodes and vanishing in the 
middle of the body whorl.  
Fusus gibbosus Zekeli, 1852, from the Turonian and “Senonian” of Austria (Gosau Beds, 
Zekeli 1852), has a similar shaped aperture, but the whorls are predominantly angular and not 
convex. F. (Neptunella) fagesi Pervinquière, 1912, from the Coniacian of Tunisia 
(Pervinquière 1912) is similar in size and ornamentation, with strongly convex whorls but 
differs in having two cords of nodes on the body whorl. 
 Lomirosa cretacea (Wade, 1917) from, for example, the Campanian(?) to Maastrichtian of 
Texas, USA (Stephenson 1941; Sohl 1964b), has the same overall shape as the Sergipe 
specimens. The whorls bear similar nodes and a weak but distinct shoulder. L. cretacea has 
five whorls, whereas the Sergipe specimens have up to four whorls preserved, although the 
moulds are incomplete. One Sergipe specimen (C37.9) shows remains of spiral cords on the 
body whorl, as in L. cretacea. 
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Subclass Caenogastropoda Cox, 1960  
Family Pseudamaurinidae Kowalke and Bandel, 1996  
Genus Pseudamaura Fischer, 1885  
 
TYPE SPECIES: Natica bulbiformis Sowerby in Sedgwick and Murchison, 1832, by 
monotypy. 
 
DIAGNOSIS: Shell medium-sized to large, moderately high spired, thick shelled, ovate to 
cone-shaped; spire moderately cone-shaped; weakly convex whorls, on the upper side 
flattened; body whorl very large, round to oval; commonly with spiral ornament; channelled 
suture; without umbilicus or with only a small umbilical slit; aperture moderately broad, 
nearly circular; outer lip moderately strong and inclined, on top broad; columella partly 
weakly convex (based on Wenz 1938; Sohl 1960, with modifications).  
 
SYNONYMS: Prostylifer Koken, 1889; Prisconatica Pervinquière, 1912 (Wenz 1938); 
Ampullospira Harris, 1897 (Wenz 1938; Sohl 1960; Simone and Mezzalira 1994). 
 
REMARKS: The Sergipe Pseudamaura specimens show strong morphological similarities to 
Turbo Linnaeus, 1758. The principal distinguishing characters are the deep channelled suture 
and the shoulder, both of which are distinctly developed in Pseudamaura. The aperture is 
drop-shaped in contrast to the nearly circular aperture of Turbo. Pseudamaura differs from 
Tylostoma Sharpe, 1849, in the ovate–lunate-shaped aperture of the latter genus. The 
inclusion of the Sergipe specimens in Pseudamaura is based on the similarities in shape, size, 
form of the spire, the drop-shape of the aperture, the form of the angularly stepped whorls and 
the deeply channelled suture. The suture is nearly horizontal. Pseudamaura differs from 
Amauropsis Mörch, 1857, in the missing reflexed inner lip in the type species Natica 
helicoides Johnston, 1835, of this Arctic and boreal genus (Sohl 1960). The differences to 
other genera, such as Ampullina Bowdich, 1822, and Natica Scopoli, 1777, were discussed by 
Cossmann (1925). In most cases, the umbilicus is missing in Pseudamaura or there is only a 
small slit (Sohl 1960).  
Sohl (1960) noted that Pseudamaura had “in the past, been much misused and frequently 
ignored”. He assigned Amauropsis lirata Wade, 1926, in Pseudamaura, because of the 
channelled suture, the high spire and the lirate ornamentation and reviewed the history of the 
type species, synonyms and differences.  
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 Kowalke and Bandel (1996) described the genus as “large, ovate to cone-shaped with thick 
shell; without umbilicus or with a small umbilical slit; whorls round or stepped; aperture oval 
or fusiform; inner lip sometimes with columellar or parietal callus”. 
 
 
Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832)  
(Text-fig. 6A−K, O−P) 
 
  *1832.   Natica bulbiformis, Sowerby; Sowerby in Sedgwick and Murchison, p. 418,  
      pl. 38, fig. 13. 
    1852.    Natica bulbiformis Sow.; Zekeli, p. 45, pl. 8, fig. 2. 
    1889.    Ampullina bulbiformis Sowerby, sp.; Peron, p. 54, pl. 19, fig. 22. 
    1894.    Amauropsis bulbiformis Sowerby (sp.); Stanton, p. 137, pl. 30, figs 2–4. 
   1913.    Amauropsis bulbiformis Sowerby; Roman and Mazeran, p. 41, pl. 5,  
      figs 11–12.  
 ?   1916.   Tylostoma athleticum n. sp.; Greco, p. 131 [73], pl. 16 [8], fig. 9. 
   1956.    Ampullina (Pseudamaura) bulbiformis (Sowerby); Dartevelle and Brébion,  
        p. 72, pl. 5, figs 3–4. 
 (?)   1964.   Ampullina (Pseudamaura) bulbiformis bulbiformis (Sow.); Benkő-Czabalay,  
       p. 176, pl. 1, figs 17–18. 
   1972.   Ampullina (Pseudamaura) bulbiformis bulbiformis (Sowerby); Wolff and  
      Schenk, p. 234, text-fig. 2, figs 3−5. 
  v1972.   Tylostoma whitei von Ihering; Reyment and Tait, p. 92. 
  v1977.   Ampullina (Pseudomaura) bulbiformis (Sowerby); Lefranc, p. 312. 
  v1983.   Ampullospira (Amauropsis) bulbiformis (Sowerby); Lefranc in Bengtson,  
      p. 45. 
   1997.    Pseudamaura bulbiformis (Sowerby, 1832); Akers and Akers, p. 136, fig.  
      126 (after Stanton 1894). 
   2006.    Pseudamaura bulbiformis (J. de C. Sowerby, 1831); El Qot, p. 108, pl. 22,  
      fig. 4 [non 3]. 
   2012.   Ampullina (Pseudamaura) bulbiformis (Sowerby, 1831); Andrade and Felix,  
      p. 106, figs 5A–C. 
 
MATERIAL: Sixty-three specimens, preserved as internal moulds, from the upper middle or 
upper Cenomanian of Japaratuba 10 (C352.8), the upper Cenomanian of Japaratuba 11 
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(C507.74), the lower or middle Turonian of Muçuca 2 (C45.82), Laranjeiras 22 (C62.14) and 
Salobro 3 (C403.6), the upper Turonian of Mucuri 10 (C28.10, 21, C29.3), Cajaíba 7 (C37.49, 
51, 155–157, 162–165, 206, 208–209, 211, 213–216, 218, 220, 224–226, 228–230, 233–235, 
237–239, 322–324, 324a, 325–326, 328–333, 596, 603, 613, 621) and Mata 9 (C238.39, 52, 
154–155), the upper Turonian (possibly lower Coniacian) of Tabocas 1 (C168.23) and 
Cajaíba 6 (C204.17), Mucuri 6 (C369.8) and the area of Cajaíba 7−10 (2/20, coll. R.A. 
Reyment and E.A. Tait), Sergipe Basin, Brazil. 
 
DIMENSIONS of selected specimens of Pseudamaura? bulbiformis bulbiformis (Sowerby in 
Sedgwick and Murchison, 1832): 
Specimen no.  H (mm) W (mm) AA  SA  
C28.21    35   26   23°  -    
C37.156   73   54   38°  -   
C37.162   75   54   35°  -   
C37.211   78   47   31°  -   
C37.213   63   46   -  -   
C37.229   71   53   33°  -   
C37.234   44   30   25°  -   
C37.322   65   52   35°  -   
C37.324a   55   40   30°  -   
C37.325   43   33   25°  -   
C37.330   94   68   -  -   
C37.332   55   38   28°  -   
C37.621   107   72   40°  -   
 
DESCRIPTION: Medium-sized to large, slender, elongate-ovate specimens, with four to five 
preserved, stepped whorls. The spire is high and the stepped whorls are moderately convex. 
The body whorl is oval to round. The broadest part is in the lower third of the last whorl. The 
nearly horizontal suture is deeply channelled. The ramp is broad and the transition from ramp 
to shoulder distinctly angular. The aperture is teardrop-shaped to nearly circular. No 
ornamentation is visible.  
 
DISCUSSION: Lefranc (1977) reported Ampullina (Pseudomaura) bulbiformis (Sowerby), 
subsequently (Lefranc in Bengtson 1983, p. 45) changed to Ampullospira (Amauropsis) 
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bulbiformis from the Turonian of Sergipe, Brazil. The specimens studied by Lefranc are part 
of this study, but the missing specimens make a detailed comparison difficult. 
 Greco (1916) described Tylostoma athleticum from the Coniacian of Egypt and the figured 
specimen (pl. 16, fig. 9) is similar in size, height and shape of the spire and whorls, and is, 
possibly, referrable to P. bulbiformis bulbiformis. For a detailed comparison, the holotype 
needs to be checked. 
 Stanton (1894) noted, based on the published figures and comments, that the species 
bulbiformis is quite variable in form and that several published figures differ more from 
Sowerby’s original figure than his specimens from the U.S. Western Interior do. El Qot 
(2006) reported Pseudamaura bulbiformis (J. de C. Sowerby, 1831) from the Coniacian to 
Santonian of Egypt. His specimen (pl. 22, fig. 3) differs in having a higher spire and is 
generall more slender. Fig. 4 does no show the apertural view and El Qot (2006) only 
described it as “semi-lunar”. Andrade and Felix (2012) described Ampullina (Pseudamaura) 
bulbiformis (Sowerby, 1831) from the Turonian of Sergipe. Their specimens show the same 
shape of the body whorls, especially in the upper part. Stoliczka (1865) noted in his revision 
of the Gosau gastropods the large range of variation within Ampullina bulbiformis. He also 
noted that often two varieties could be found, a globular variety and an elongate variety with a 
high spire, which grade into each other. Roman and Mazeran (1913) distinguished the 
specimens of Amauropsis bulbiformis on the basis of the shape. There are two forms, one 
stout, the other slim and pointed. Roman and Mazeran (1913) disagreed with d’Orbigny’s 
(1850) separation into two species, bulbiformis and subbulbiformis. P. subbulbiformis 
(d’Orbigny, 1850), from the Turonian of France (Kollmann 2005b), is similar to the Sergipe 
specimens but smaller. Wolff and Schenk (1972) assigned P. subbulbifomis (d’Orbigny, 
1850) based on Reuss (1854a) and Stoliczka (1865) in P. bulbiformis bulbiformis. The 
Sergipe specimens differ from the Campanian P. bulbiformis schlosseri (Wolff and Schenk, 
1972) from Austria (Wolff and Schenk 1972), in having a deeply channelled suture, whereas 
P. bulbiformis schlosseri has a very high spire, a weakly channelled suture and a small ramp. 
 Pseudamaura lyrata (Sowerby in Sedgwick and Murchison, 1832) from, for example, the 
Coniacian to Santonian of Austria (Kowalke and Bandel 1996) shows a distinctly oval body 
whorl. Posteriorly, the shell becomes slender, resembling an inverted drop.  
 Pseudamaura lirata (Wade, 1926) from, for example, the Campanian(?) to Maastrichtian 
of Tennessee, USA (Sohl 1960), is characterized by its proportionally high spire, flaring 
aperture, sulcate suture and lirate sculpture. The shell is also smaller and more oval than in the 
Sergipe specimens, with a more subdued ornament and possessing an umbilical slit. The 
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relation between P. lyrata and P. lirata is not clear; P. lyrata is more oval, sometimes with a 
weak ramp on later whorls, whereas P. lirata is more slender and high spired.  
 According to Kollmann (2009), the differences between Pseudamaura bulbiformis and 
P. brevissima (Reuss, 1854b) from the Turonian of Austria are the low last whorl and the 
sutural ramp, which in the latter species is flat and not impressed. The Campanian P. lepta 
Sohl, 1964a, from, for example, Mississippi, Georgia and Alabama, USA (Sohl 1964a; 
Dockery 1993), shows no stepped whorls or a ramp. P. supracretacea (d’Orbigny, 1842) 
from, for example, the Cenomanian to Maastrichtian of France (Kollmann 1985) shows 
characters in common with the Sergipe specimens, such as the shape and the round whorls 
with shoulders. P. requieniana (d’Orbigny, 1842) from the Turonian of France (Kollmann 
2005b) has a broader, cone-shaped form, a globular body whorl and a partly covered 
umbilicus (d'Orbigny, 1842; Wolff and Schenk 1972).  
 Amauropsis sergipensis Maury, 1937, from the Albian of Sergipe (Maury 1937) shows the 
same shape, but fine axial ornaments appear on the surface and the aperture is more circular. 
Wenz (1938) illustrated the type species of the subgenus Amauropsis (fig. 2965), but the 
figure shows a larger aperture than that found in the Sergipe specimens, and the last whorl is 
proportionally larger than the spire. He placed Pseudamaura in the superfamily Naticacea and 
noted that naticids show sexual dimorphism. Neumann (1907) described Amauropsis cf. 
subcanaliculata Hamlin, 1884, from the Santonian of Peru. The specimens are similar in 
shape to the Sergipe specimens and also have stepped whorls, but they differ in the more 
flattened side of the early whorls.  
 Ampullospira whitei Cossmann, 1925, from, for example, the Albian of Sergipe (Maury 
1937) shows similarities to P. bulbiformis, but the aperture is pear-shaped and the whorls are 
not angularly stepped and smaller.  
 The identification to subspecies level is here easy, in spite of the bad preservation, because 
the subspecies bulbiformis has a more slender shape, posteriorly pointed; the subspecies 
borealis is round shaped with a globular body whorl. 
 
OCCURRENCE: Pseudamaura bulbiformis bulbiformis (Sowerby in Sedgwick and 
Murchison, 1832) is known from the Turonian and “Senonian” of Austria, the Turonian of 
France, the “upper Senonian” of Hungary, the Coniacian to Santonian of Egypt, the Turonian 
and “Senonian(?)” of Gabon, the Turonian and Santonian of Tunisia, the Albian of Texas and 
the Turonian(?) of Colorado, USA, and the Turonian and possibly also the Cenomanian and 
Turonian (this study) of Sergipe, Brazil. 
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Pseudamaura? bulbiformis borealis (Frech, 1887)  
(Text-fig. 6L−N, Q−U) 
 
   *1887.   Natica bulbiformis var. nov. borealis; Frech, p. 188, pl. 15, figs 5−7. 
    1916.   Natica (Pseudamaura) bulbiformis Sow.; Greco, p. 130 [72], pl. 16 [8],  
        figs 7–8. 
    1958.    Ampullospira bulbiformis (J. de C. Sowerby); Barber, p. 31, pl. 9, fig. 10.  
    1972.    Ampullina (Pseudamaura) bulbiformis borealis (Frech); Wolff and Schenk,  
       p. 237, text-fig. 1, figs 1−5, text-fig. 2, figs 6–7. 
  v1977.   Ampullina (Pseudomaura) bulbiformis (Sowerby); Lefranc, p. 312. 
  v1983.   Ampullospira (Amauropsis) bulbiformis (Sowerby); Lefranc in Bengtson,  
      p. 45. 
 (?)   2002.    Cornonatica bulbiformis (Sowerby); Zakhera, p. 320, pl. 5, figs 6–9. 
    2005b.  Pseudamaura subbulbiformis (d’Orbigny, 1850); Kollmann, p. 63, pl. 8,  
       fig. 15 [non 12–14]. 
   2006.    Pseudamaura bulbiformis (J. de C. Sowerby, 1831); El Qot, p. 108, pl. 22,  
      fig. 4 [non 3]. 
 
MATERIAL: Ninety-two specimens, preserved as internal moulds, from the lower 
Cenomanian of Itaporanga 2 (C112.29, 49) and Itaporanga 2−3 (C112x.6, 16, 137), the lower 
middle Cenomanian of Cruzes 15 (C379.7) and Magalhães 3 (C389.1), the upper Cenomanian 
of Timbó 5 (C451.64), the lower Turonian of Boa Sorte 12 (C586.1), the lower or middle 
Turonian of Muçuca 2 (C45.52, 67) and Salobro 3 (C403.5), the upper Turonian of Mucuri 10 
(C28.10, 14–15, 34–36), Cajaíba 7 (C37.10, 44–48, 50, 153–154, 159–161, 166, 195, 207, 
210, 212, 217, 219, 221–223, 227, 232, 238, 240, 260, 327, 334–335, 338–339, 601–602, 605, 
608, 618–620), Oiteiro 18 (C39.4), Oiteiro 19 (C41.5–6, 46, 58, 73, 88, 121, 124–125, 130, 
133–135) and Mata 9 (C238.17, 38, 40, 41–51, 53, 151, 153), the upper Turonian (possibly 
lower Coniacian) of Tabocas 1 (C168.24) and the upper Turonian or lower Coniacian of 
Mucuri 7 (C26.90, 1/19, R. A. Reyment and E. A. Tait, probably C26), Sergipe Basin, Brazil. 
 
DIMENSIONS of selected specimens of Pseudamaura? bulbiformis borealis (Frech, 1887): 
Specimen no.  H (mm) W (mm) AA  SA  
C28.14    63   51   32°  -   
C28.34    120   90   50°  -   
C28.35    65   45   32°  -   
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C28.36    83   70   38°  -   
C37.44    95   73   42°  -   
C37.45    78   63   38°  -   
C37.154   88   70   43°  -   
C37.161   72   57   35°  -   
C37.166   56   50   34°  -   
C37.217   106   79   45°  -   
C37.221   87   67   39°  -   
C37.232   71   59   37°  -   
C41.58    50   44   30°  -   
C41.88    68   57   36°  -   
C41.124   44   33   27°  -   
C41.134   114   81   45°  -   
C45.52    84   68   41°  -    
 
DESCRIPTION: Medium-sized to large, slender, elongate-ovate shaped and smooth 
specimens, with four to five preserved whorls. The spire is moderately low. The whorls are 
moderately to strongly convex. The body whorl is globular. The broadest and most convex 
part is in the middle of the last whorl. The suture is deeply channelled with a distinct rounded 
shoulder. The aperture is teardrop-shaped to nearly circular.  
 
DISCUSSION: Wolff and Schenk (1972) discussed the difference of Pseudamaura 
bulbiformis borealis and the nominotypical subspecies, with the former lacking or possessing 
a less distinct suture and a flat ramp and a lower spire. 
Ampullina dupinii (Deshayes in Leymerie, 1842) from, for example, the Albian of France 
(Kollmann 2005b) and the Cenomanian of Egypt (Ayoub-Hannaa and Fürsich 2011) shows a 
weak subsutral ramp in the upper third of the body whorl and remains of a thick inner lip. 
Ampullina sp. 1 from the Turonian of Egypt (Ayoub-Hannaa and Fürsich 2011) differs in 
having a distinct shoulder. Ampullina sp. 2 from the Cenomanian of Egypt (Ayoub-Hannaa 
and Fürsich 2011) shows the broadest and most convex part in the first third of the last whorl. 
The differences in shell morphology between the Sergipe Pseudamaura? bulbiformis 
bulbiformis and P.? bulbiformis borealis are shown in Text-fig. 5. 
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Text-fig. 5. Schematic differences between Pseudamaura? bulbiformis bulbiformis (A) and P.? bulbiformis 
borealis (B) from Sergipe. 
 
 
 
 
OCCURRENCE: Pseudamaura bulbiformis borealis (Frech, 1887) is known from the 
Santonian to Campanian of Austria, the Turonian of France, the “lower Senonian” of 
Germany, the Turonian to Santonian of Egypt, the Turonian of Nigeria and possibly from the 
Cenomanian, Turonian and Turonian or lower Coniacian of Sergipe, Brazil (this study).  
 
 
 
 
Order Cerithiimorpha Golikov and Starobogatov, 1975  
Family Turritellidae Lovén, 1847  
Genus Mesalia Gray, 1847  
 
TYPE SPECIES: Cerithium mesal Adanson, 1757 (= Turritella mesal Deshayes, 1843 
(Squires and Saul 2007)), by original designation. 
 
DIAGNOSIS: Shell medium-sized to large, turreted, coniform, with convex whorls; 
ornamentation with spiral cords or keels; aperture ovate, with incipient anterior canal; outer 
A B
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lip thin, emarginate at the tip and extended at the bottom; columellar margin calloused; 
operculum with concave outside (based on Wenz 1938, with modifications).  
 
SYNONYMS: Mesaliopsis Thiele, 1929 (Marwick 1957). 
 
REMARKS: Maury (1937) described the differences between Mesalia and Turritella 
Lamarck, 1799, which is higher, with an oval or quadrangular aperture, whereas Mesalia is 
shorter and broader with a shallow anterior canal on the aperture. She noted that Mesalia is 
often considered as related genus or treated as a subgenus of Turritella and remarked that 
“Douvillé thinks Mesalia is an offshoot of the freshwater genus Melania” (Maury 1937, 
p. 205). According to Shimer and Shrock (1959), Mesalia differs from Turritella in the large 
apical angle and the weakly developed anterior canal, whereas Stephenson (1953) pointed out 
that Mesalia has a lower spire and a wider spiral angle. The latter distinguishing character was 
also noted by Akers and Akers (1997). Termier and Termier (1952) noted that some species 
of Mesalia have the same ornamentation and shape as Turritella, the difference lying in the 
pointed aperture and the weak columellar fold in the former genus.  
The genus Keilostoma Deshayes, 1850, is similar but smaller and the suture is more 
impressed.  
 
 
Mesalia? hebe? White, 1887  
(Text-fig. 7E) 
 
 cf. *1887.   Mesalia hebe (sp. nov.); White, p. 165, pl. 18, fig. 5. 
 cf.  1937.    Mesalia hebe White; Maury, p. 205, pl. 12, fig. 8. 
 
MATERIAL: One specimen, preserved as an external mould, from the upper Turonian of 
Oiteiro 19 (C41.72), Sergipe Basin, Brazil. 
 
DIMENSIONS of Mesalia? hebe? White 1887 (AA and SA not measurable): 
Specimen no.  H (mm) W (mm) AA  SA  
C41.72     21   10   -  -  
 
 
 
28 
 
 
Text-fig. 6. A−K, O−P − Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832); 
A, B, C, C37.211 from Cajaíba 7; A, apertural view; B, apical view; C, dorsal view. D, E, F, C37.229 from 
Cajaíba 7; D, dorsal view; E, apertural view; F, apical view. G, H, I, C37.234 from Cajaíba 7; G, apertural view; 
H, apical view; I, dorsal view. J, K, C37.330 from Cajaíba 7; J, apertural view; K, apical view. O, P, C28.21 
from Mucuri 10; O, apertural view; P, dorsal view. L−N, Q–U − P.? bulbiformis borealis (Frech, 1887); L, M, 
 29 
 
N, C28.14 from Mucuri 10; L, apertural view; M, dorsal view; N, apical view. Q, R, S, C28.36 from Mucuri 10; 
Q, apertural view; R, dorsal view; S, apical view; T, U, 37.217 from Cajaíba 7; T, apertural view; U, dorsal view.  
 
 
 
 
DESCRIPTION: The specimen is medium-sized, with five whorls, but the apex and the 
aperture are not preserved. The whorls are slightly convex and bear three to five visible, 
sharply projected, spiral, uniform cords. The interspaces are nearly as wide as the cords. The 
suture is impressed.  
 
DISCUSSION: Squires and Saul (2007) questioned most of the described Cretaceous 
Mesalia. Their review showed that the genus originated in the Maastrichtian in northern 
Africa or the Danian in northern Africa and western Iran. They noted that Mesalia hebe 
resembles a juvenile specimen of M. nettoana White, 1887, from the Paleocene of Brazil 
(White 1887). Maury (1937) pointed out that the latter species differs from M. hebe in being 
much larger (height 55 mm, width 22 mm). Additionally, the species has more rounded 
whorls and more spiral cords (seven spiral cords in M. nettoana against five in M. hebe). 
M. foucheri Pervinquière, 1912, from the Maastrichtian of Tunisia (Pervinquière 1912) is 
similar to the Sergipe specimens but has only four spiral cords on the later whorls (Maury 
1937). M.? shumardi Stephenson, 1953, from, for example, the Cenomanian of Texas, USA 
(Akers and Akers 1997), is similar in size and shape, having dissimilar spiral cords, but the 
cords of M. hebe are equal in size and the specimen in this study shows no difference between 
primary and secondary cords. The whorls are also less convex. M. (Mesalia) mauryae Allison, 
1955, from the Aptian of Mexico (Allison 1955) is similar, but Allison (1955) noted that M. 
hebe has five spiral cords on adult whorls, whereas M. (M.) mauryae has four to five spiral 
cords on the adult whorls and is larger. 
 
OCCURRENCE: Mesalia hebe White, 1887, is known from the Albian(?) and possibly also 
the upper Turonian (this study) of Sergipe, Brazil. 
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Mesalia? shumardi? Stephenson, 1953  
(Text-fig. 7K) 
 
 cf.  *1953.   Mesalia? shumardi Stephenson, n. sp.; Stephenson, p. 154, pl. 36, figs 8–11. 
 cf.  1997.    Mesalia? shumardi Stephenson, 1952; Akers and Akers, p. 84, fig. 69. 
 cf.   2012.   Mesalia? sp.; Andrade and Felix, p. 108, fig. 5L. 
 
MATERIAL: One specimen, preserved as an external mould, from the upper Cenomanian of 
Laranjeiras 5 (C301.7), Sergipe Basin, Brazil. 
 
DIMENSIONS of Mesalia? shumardi? Stephenson, 1953 (AA and SA not measurable): 
Specimen no.  H (mm) W (mm) 
C301.7     13   5   
 
DESCRIPTION: The specimen is small and turreted, with six broad, weak convex whorls. 
The suture is impressed and the periphery is marked by shallow spiral depressions. The 
surface has distinct spiral cords.  
 
DISCUSSION: The inclusion of this specimen in Mesalia is based on the ornamentation but 
must be considered uncertain, owing to the incomplete state of preservation. Mesalia? sp., 
from the Turonian, Sergipe, described by Andrade and Felix (2012), is similar in size and 
ornamentation. 
Mesalia (Mesalia) mauryae Allison, 1955, from the Aptian of Mexico (Allison 1955) is 
smaller and has four spiral cords (five cords only on the adult whorls). 
 
OCCURRENCE: Mesalia shumardi Stephenson, 1953, is known from the Cenomanian of 
Texas, USA, and the Turonian and possibly also the upper Cenomanian (this study) of 
Sergipe, Brazil. 
 
 
Genus Turritella Lamarck, 1799 (sensu lato) 
 
TYPE SPECIES: Turbo terebra Linnaeus, 1758, by monotypy. 
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DIAGNOSIS: Shell medium-sized to large, slender, multi-whorled, turriculate to turreted-
conical; neanic primary spirals appearing in the order anterior–medial–posterior; with 
numerous whorls; arcuate outer lip, lateral sinus shallow, oblique; no basal sinus; aperture 
small, ovate, circular or quadrate; columella smooth, concave (based on Knight et al. 1960a; 
Sohl 1960; Dockery 1993, with modifications). 
 
REMARKS: Sohl (1960) remarked that the number of described species of Turritella “has 
risen to astronomical proportions” since Lamarck (1799) and that the genus is one of the best 
represented of the later Mesozoic. He illustrated the growth lines of typical Upper Cretaceous 
U.S. Gulf Coast species, which serve as convenient tools for specific differentiation.  
Dockery (1993) noted the problem of distinguishing between Haustator Montfort, 1810, 
and Turritella. He used the latter genus in a broad sense, included all turritelline species and 
did not recognize other supraspecific taxa. 
 Akers and Akers (1997) argued that the attempt to subdivide the genus Turritella has failed 
and they assigned all turritelline gastropods (such as Haustator) to this genus. 
Kaim (2004), however, argued that until a thorough revision of this genus is completed, 
shell characters cannot be used for taxonomic purposes above the species level, because same 
shell morphologies show different soft-body characters, whereas different shells sometimes 
show the same radula, operculum and soft-body structure.  
 The Sergipe specimens are in this study tentatively identified as Turritella sensu lato (fide 
Squires and Saul 2006). 
 
 
Turritella? vertebroides? Morton, 1834  
(Text-fig. 7C, D) 
 
 cf.  *1834.   Turritella vertebroides, (S.G.M.); Morton, p. 47, pl. 3, fig. 13. 
 cf.  1926.    Turritella vertebroides Morton; Wade, p. 161, pl. 61, fig. 1. 
 cf.   1960.    Turritella vertebroides Morton; Sohl, p. 75, pl. 8, figs 1–4, 12 [cum syn.]. 
 cf.   1993.    Turritella vertebroides Morton, 1834; Dockery, p. 50. pl. 8, fig. 5 [cum syn.]. 
 cf.   2000.    Turritella vertebroides Morton, 1834; Perrilliat et al., p. 12, figs 5.27–28  
       [cum syn.]. 
 
MATERIAL: Seven specimens, preserved as internal and external moulds, from the upper 
middle Cenomanian of Cruzes 11 (C361.34), the upper middle or upper Cenomanian of 
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Jericó 6 (C386.4), the upper Cenomanian of Olho d’Água 1 (C430.7) and the lower or middle 
Turonian of São Roque 2 (C46.152), Aroeirinha 1 (C231.11–12) and Pedra Furada 8 
(C315.6), Sergipe Basin, Brazil. 
 
DIMENSIONS of selected specimens of Turritella? vertebroides? Morton, 1834 (AA and SA 
not measurable): 
Specimen no.  H (mm) W (mm)  
C46.152    -   6   
C231.11   9   7   
C231.12    6   7   
C315.6     6   -   
C361.34    3   -   
C386.4     3   -   
 
DESCRIPTION: The small specimens are elongate and slender, with a high spire. There are 
up to five whorls, straight or only slightly convex. The suture is nearly horizontal, broad and 
deeply impressed. The ornamentation is characterized by five spiral cords with fine inter-lirae. 
The cords are broader than the interspaces and different in strength. One specimen (C231.11) 
shows distinct growth lines, flexed in the middle.  
 
DISCUSSION: The specimens differ from the species of Mesalia in their more rounded 
whorls and higher spire. 
Similar shapes are encountered in specimens from the Cenomanian to Maastrichtian of the 
USA, such as Turritella quadrilira Johnson, 1898; T. trilira Conrad, 1860; T. whitei Stanton, 
1894; T. xylina Squires and Saul, 2006, and T. petersoni Merriam, 1942, but only one of the 
Sergipe specimens (C231.11) shows ribs and growth lines, as in T. vertebroides. The other 
specimens show similar cords but no growth lines. 
 Turritella quadrilira Johnson, 1898, from, for example, the Campanian of Mississippi, 
New Jersey and Texas, USA (Groot et al. 1954; Sohl 1964a; Dockery 1993; Akers and Akers 
1997), has four spiral cords without spiral lirae or flexed growth lines. T. trilira Conrad, 1860, 
from, for example, the Campanian to Maastrichtian of Mississippi, Tenessee and Texas, USA 
(Stephenson 1941; Sohl 1960, 1964a; Dockery 1993; Akers and Akers 1997), and the 
Maastrichtian of Mexico (Perrilliat et al. 2000) has a closely appressed suture, more flattened 
whorls and three spiral cords. Dockery (1993) discussed the differences between T. quadrilira 
and T. trilira in detail. He noted that the early juvenile whorls of T. quadrilira have a greater 
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apical angle and are more strongly carinate and the last juvenile whorls are strongly convex. 
T. whitei Stanton, 1894, from the Turonian(?) of Colorado, USA (Stanton 1894), is similar in 
size and shows the same, fairly weak, concave whorls as the here described specimens of 
T.? vertebroides?. Stanton (1894) noted that adult specimens may have about thirty whorls, 
whereas the Sergipe specimens are incomplete and do not allow a closer comparison. 
T. xylina Squires and Saul, 2006, from the Cenomanian of California, USA (Squires and Saul 
2006), shows the same weak spiral cords as the Sergipe specimens described in this study. 
The ribs of T. xylina are nearly of uniform strength. T. petersoni Merriam, 1942, from, for 
example, the Cenomanian to Turonian of California, USA (Squires and Saul 2006), is similar 
in size and shows the same sculpture, but the Sergipe specimens have more rounded whorls. 
T. pedrinhensis Maury, 1937, from the Albian of Sergipe, Brazil (Maury 1937), has eight 
spiral cords, which are equal in size and width. Growth lines were not described or figured. 
 
OCCURRENCE: Turritella vertebroides Morton, 1834, is known from the undifferentiated 
Cretaceous and Upper Cretaceous and the Campanian to Maastrichtian of the USA, the 
Maastrichtian of Mexico and possibly the Cenomanian and Turonian of Sergipe, Brazil (this 
study).  
 
 
Turritella? sp. A 
(Text-fig. 7F−H) 
 
MATERIAL: Fifty-one specimens, preserved as internal moulds, from the upper middle 
Cenomanian of Cruzes 11 (C361.6), the upper middle or upper Cenomanian of Cruzes 8 
(C358.9–12, C359.15, 32, 39–51, C360.6), Cruzes 7 (C364.4–10, 15–19) and Jericó 6 
(C386.3, 5, 9), the upper Cenomanian of Timbó 4 (C452.16) and the lower or middle 
Turonian of Pedra Furada 3 (C94.27), São Roque 6 (C124.38), Pedra Furada 17 (C551.15, 
16x1–x7, 17x1–x3) and Ribeira 15 (C555.4), Sergipe Basin, Brazil. 
 
DIMENSIONS of selected specimens of Turritella? sp. A (AA and SA not measurable): 
Specimen no.  H (mm) W (mm)  
C94.27     10   -   
C124.38    10   5   
C358.9    13   -   
C358.10   10   6   
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C358.11   12   6   
C358.12    9   5   
C359.15   15   6   
C359.32   11   7   
C359.42   1   6   
C359.43   8   4   
C359.44   8   5   
C359.45   8   5   
C359.46   8   4   
C359.47   10   5   
C359.48   7   5   
C359.49   7   5   
C359.50   8   4   
C360.6     10   5   
C361.6     15   4   
C364.4    24   -   
C364.5    8   7   
C364.6    12   8   
C364.7    13   8   
C364.8    14   6   
C364.9    13   6   
C364.10   9   8   
C364.15   7   4   
C364.16   7   4   
C364.17   9   5   
C364.18    7   4   
C364.19    13   7   
C386.3    5   -   
C386.5    12   4   
C386.9    11   3   
C452.16    18   7    
C551.15   7   -   
C551.16x1   8   3   
C551.16x2   4   -   
C551.16x3   2   -   
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C551.17x1    8   3   
C555.4     2   -    
 
DESCRIPTION: The small to medium-sized specimens are high spired, elongate and slender 
with straight or only slightly convex whorls. The suture is nearly horizontal, broad and deeply 
impressed. The surface is nearly smooth, with only seven faint spiral cords.  
 
DISCUSSION: Lefranc (1977) identified Pterocera cf. decussata Zekeli, subsequently 
Pterocera (Dicroloma?) aff. decussata (Zekeli) (Lefranc in Bengtson 1983, table 3, pp. 44–
45) in the material studied here, but P. decussata Zekeli, 1852, differs from Turritella? sp. A 
in having faint axial ribs. Lefranc (1977, in Bengtson 1983, p. 44) assigned the Sergipe 
specimens partly to Turritella (Haustator) carregozica Maury but T. carregozica Maury, 
1937, differs in having a smooth surface without ornamentation.  
 Turritella infralineata Gabb, 1864, from, for example, the Albian of California, USA 
(Squires and Saul 2006), is similar in size and ornamentation, which consists of faint spiral 
cords. T. iota Popenoe, 1937, from, for example, the Turonian of California, USA (Squires 
and Saul 2006), shows the same size and straight whorls, but the last spiral cord is located 
near the suture and stronger than the others. T. (Torquesia) figarii Quaas, 1902, from, for 
example, the Campanian of Egypt (Abbass 1963) shows three distinct primary spiral cords. 
T. rosadoi Beurlen, 1967, from, for example, the Turonian (R.C.T. Cassab, personal 
communication) of Rio Grande do Norte, Brazil (Cassab 2003), is similar in shape and 
ornamentation, but larger.  
 
 
Turritella? sp. B 
(Text-fig. 7A, B, I, J) 
 
MATERIAL: Three specimens, preserved as internal moulds, from the lower Cenomanian of 
Itaporanga 3 (C112.403, C112x.65) and the upper Turonian of Cajaíba 7 (C37.236), Sergipe 
Basin, Brazil. 
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DIMENSIONS of Turritella? sp. B (AA and SA not measurable): 
Specimen no.  H (mm) W (mm)  
C37.236    34   30   
C112.403    47   31   
C112x.65    25   17   
 
DESCRIPTION: The incomplete specimens are turreted and medium-sized. The whorls are 
convex and smooth and increase slowly in height. The aperture is subcircular.  
 
DISCUSSION: The specimens show many similarities with species of other genera, such as 
Cimolithium Cossmann, 1906, and Nerinea Deshayes, 1827. However, both genera differ in 
the shape of the aperture, which in Turritella is nearly circular. 
 Diozoptyxis? perigordina (d’Orbigny, 1842) from the Campanian of France (Kollmann 
2005b) shows the same convex whorls as Turritella? sp. B and the smooth surface. The latter 
one differs in having higher whorls, less convex. 
 
 
 
 
Familiy Cerithiidae Fleming, 1822  
Genus “Cerithium” Bruguière, 1789  
 
TYPE SPECIES: Cerithium adansonii Bruguière, 1792, by subsequent designation through 
ICZN Opinion 1109 (Melville 1978). 
 
DIAGNOSIS: Ovate to fusiform elongate, turreted, slender, multi-whorled shell; 
ornamentation with axial ribs and spiral cords with beads and nodes, with varices; aperture 
ovate; outer lip crenulated; distinct anal canal and moderately extended, constricted, slightly 
reflected siphonal canal; operculum corneous, ovate, paucispiral, with eccentric nucleus 
(based on Sohl 1960; Houbrick 1992, with modifications). 
 
SYNONYMS: Contumax Hedley, 1899; Ischnocerithium Thiele, 1929; Semivertagus 
Cossmann in Cernohorsky, 1972 (not Semivertagus Cossmann, 1889); Conocerithium Sacco 
in Cernohorsky, 1972 (not Concerithium Sacco, 1895); Thericium Monterosato in Ladd, 1972 
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(not Thericium Monterosato, 1890); Tiaracerithium Sacco in Cernohorsky, 1978 (not 
Tiaracerithium Sacco, 1895) (Houbrick 1992).  
 
 
 
 
 
Text-fig. 7. A–B, I–J − Turritella? sp. B; A, B, C112.403 from Itaporanga 3; A, dorsal view, B, apertural view; I, 
J, C112x.65 from Itaporanga 3; I, dorsal view; J, apertural view. C–D − Turritella? vertebroides? Morton, 1834; 
C, C46.152 from São Roque 2; D, C231.11 from Aroeirinha 1. E − Mesalia? hebe? White 1887 from Oiteiro 19 
(C41.72). F–H − Turritella? sp. A; F, C124.38 from São Roque 6; G, C386.9 from Jericó 6; H, C452.16 from 
Timbó 4. K − Mesalia? shumardi? Stephenson, 1953 from Laranjeiras 5 (C301.7).  
 
 
 
 
REMARKS: The occurrence of Cerithium in the Cretaceous is uncertain (Kowalke 1998; 
Kollmann 2005b). Pending a new revision (the last one was from Houbrick in 1992), the 
genus name is placed in quotation marks. 
 The genera Cimolithium Cossmann, 1906; Campanile Bayle in Fischer, 1884, and 
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Turritella Lamarck, 1799, show morphological similarities with Cerithium. Campanile has a 
differently shaped outer lip and canal form, possesses columellar folds (Pervinquière 1912), 
shows lower whorls and carry a subsutural collar. Ayoub-Hannaa and Fürsich (2011) 
disscussed and summarized the taxonomic problems of Campanile. Detailed taxonomic 
information on the genus Campanile is given by Houbrick (1981, 1989) and Kiel et al. 
(2000). Metacerithium Cossmann, 1906, has a strong, beaded spiral ridge near the suture 
(Kiel et al. 2000). However, the incomplete preservation of the Sergipe material does not 
allow a clear distinction. 
 Sohl (1960) remarked that Cerithium “is one of the more commonly used names in 
Mesozoic gastropod literature”.  
Houbrick (1992) noted that the number of desribed Cerithium as sensu lato in the literature 
is very extensive. He discussed the complex taxonomic history of the genus and noted that 
many fossil taxa referred to Cerithium belong in other genera, families and even 
superfamilies. 
 
 
“Cerithium”? riachuelanum? Maury, 1937  
(Text-fig. 8A) 
 
 cf. *1937.   Cerithium riachuelanum, sp. nov.; Maury, p. 217, pl. 12, fig. 2. 
 
MATERIAL: One specimen, preserved as external mould, from the lower or middle Turonian 
of Pedro Gonçalves 3 (C505.16), Sergipe Basin, Brazil. 
 
DIMENSIONS of “Cerithium”? riachuelanum? Maury, 1937 (AA and SA not measurable): 
Specimen no.  H (mm) W (mm)  
C505.16    30   4   
 
DESCRIPTION: Only a fragment of a whorl is preserved. The suture is impressed and the 
whorl shape strongly convex. Ornamentation preserved consists of five spiral cords and three 
prominent axial ribs. 
 
DISCUSSION: Cerithium austinense Roemer, 1888, from, for example, the Albian of Texas, 
USA (Akers and Akers 1997), is equal in size and whorl shape but the axial ribs are more 
prominent.  
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 There are also affinities with Hemicerithium? insigne Stephenson, 1953, from, for 
example, the Cenomanian of Texas, USA (Akers and Akers 1997), such as whorl shape and 
the presence of prominent axial ribs. 
 Scalaria philippi Reuss, 1846, from, for example, the Cenomanian of Tunisia 
(Pervinquière 1912) has weaker axial ribs.  
 
OCCURRENCE: “Cerithium” riachuelanum Maury, 1937, is known from the Albian and 
possibly also the Turonian (this study) of Sergipe, Brazil. 
 
 
“Cerithium”? harttii? White, 1887 
(Text-fig. 8F, G) 
 
 cf. *1887.   Cerithium harttii (sp. nov.); White, p. 152, pl. 13, figs 5−6; correction  
      on errata sheet. 
 
MATERIAL: Three specimens, preserved as internal and external moulds, from the upper 
Cenomanian or lower Turonian of Sergipe 8 (C290.1) and the lower or middle Turonian of 
Ribeira 12 (C317.12) and Boa Sorte 5 (C327.9), Sergipe Basin, Brazil. 
 
DIMENSIONS of “Cerithium”? harttii? White, 1887 (AA and SA not measurable): 
Specimen no.  H (mm) W (mm)  
C290.1     10   5   
C317.12    10   -   
C327.9     24   10   
 
DESCRIPTION: The specimens are small to medium-sized, with fine, equally sized, 
equidistant, spiral lirae. There are prominent axial ribs or nodes extending between the 
sutures. The whorls are slightly convex. Up to four whorls are preserved.  
 
DISCUSSION: Certhium kerrvillensis Ikins and Clabaugh, 1940, from, for example, the 
Albian of Texas, USA (Akers and Akers 1997), shows similarities in size and in the 
appearance of axial and spiral cords but differs in having less rounded whorls and less 
prominent axial ribs. C. sexangulum Zekeli, 1852, from the Turonian and “Senonian” of 
Austria (Gosau Beds, Zekeli 1852) and the Cenomanian of Germany (Geinitz 1872) is similar 
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in shape and ornament but smaller than the Sergipe specimens. C. austinense Roemer, 1888, 
from, for example, the Albian of Texas, USA (Akers and Akers 1997), is equal in size, whorl 
shape, and the prominent axial ribs but differs in having more distinct spiral cords and 
prominent rounded varices.  
 Tympanotonus (Tympanotonus) cretaceous (Wade, 1926) from, for example, the 
Campanian of Mississippi (Dockery 1993) and the Campanian(?) to Maastrichtian of 
Tennessee (Sohl 1960), USA, is similar in shape and ornamentation, with the same pattern of 
spiral lirae and axial ribs but differs in having more convex whorls including a ramp and a 
shoulder, particularly on the last whorls. 
 Vascellum robustum Stephenson, 1953, from the Cenomanian of Texas, USA (Stephenson, 
1953), is similar in ornament and size with a spire occupying 65 % of the total shell height. 
The Sergipe specimens are incomplete; hence, the ratio cannot be calculated.  
 Libycerithium themedensis Abbass, 1963, from the Santonian of Egypt (Abbass 1963) has 
a similar shape but is larger. The ornamentation shows the same axial and spiral cords but 
differs in the number of axial ribs. Saul and Squires (2003) argued that this species does not 
belong in Libycerithium, because of the whorl shape, ornamentation and apertural features 
differ from the type species. 
 
OCCURRENCE: “Cerithium” harttii White, 1887, is known from the undifferentiated 
Cretaceous of Pernambuco and possibly the Cenomanian and Turonian of Sergipe (this 
study), Brazil. 
 
 
“Cerithium”? tenouklense? (Coquand, 1862)  
(Text-fig. 8H–K) 
 
 cf.  *1862.   Turritella Tenouklensis H. Coq.; Coquand, p. 176, pl. 4, fig. 6. 
 cf.   1889.    Cerithium Tenouklense Coquand; Peron, p. 66, pl. 20, fig. 2. 
 cf.   1912.    Cerithium Tenouklense Coquand; Pervinquière, p. 16, pl. 1,  
         figs 20, 21a, b, 22. 
 cf.   1916.    Cerithium (Cimolithium) Tenouklense Coq. sp.; Greco, p. 154 [96],  
         pl. 19 [11], figs 3–5. 
 cf.   1927.    Cerithium tenouklense Coq.; Blanckenhorn, p. 162, pl. 8 [4],  
         figs 77– 80. 
 cf.   1931.    Cerithium tenouklense Coq.; Collignon, p. 62 [22], pl. 2, fig. 15. 
 41 
 
 cf.   1963.    Cerithium tenouklense Coquand sp. 1862; Fawzi, p. 100, pl. 7, fig. 9.  
 cf.   1974.    Cimolithium tenouklense (Coquand, 1862); Albanesi and Busson,  
         p. 295, pl. 22, fig. 1. 
 cf.   2002.    Cimolithium tenouklense (Coquand); Zakhera, p. 310, fig. 5 (1). 
 cf.   2006.    Cimolithium tenouklense (Coquand, 1862); El Qot, p. 97, pl. 19, fig. 8. 
 cf.   2007.    Cimolithium tenouklense (Coquand, 1862); Mekawy, p. 157, pl. 1, fig. 5. 
 cf.   2011.   Cimolithium tenouklense (Coquand, 1862); Ayoub Hannaa, p. 167, pl. 16,  
         figs 1–3, text-fig. 3.30. 
 
MATERIAL: Fifteen specimens, preserved as internal moulds, from the upper Cenomanian of 
Japaratuba 14 (C618.23), the lower or middle Turonian of São Roque 1 (C50.8) and Pedra 
Furada 3 (C94.28x, 28y, 29) and the upper Turonian of Oiteiro 19 (C41.7, 10, 47–51, 122), 
Mata 9 (C238.1x) and São Francisco 2 (C482.5), Sergipe Basin, Brazil. 
 
DIMENSIONS of “Cerithium”? tenouklense? (Coquand, 1862): 
Specimen no.  H (mm) W (mm) AA  SA   
C41.7    34   15   -  -   
C41.10    22   8   -  -   
C41.47    54   14   -  -   
C41.48    42   13   -  -   
C41.49    28   19   -  -   
C41.50    50   16   -  18°   
C41.51    31   13   -  16°   
C41.122    32   17   -  21°   
C50.8     59   39   -  -   
C94.28x   28   15   -  -   
C94.28y   -   23   -  -  
C94.29     11   13   -  -   
C238.1x    28   14   -  17°   
C482.5     43   8   -  -   
C618.23    17   16   -  17°   
 
DESCRIPTION: The specimens are small to medium-sized, turreted to cone-shaped with 
numerous strong convex whorls. The whorl width increases slowly; the height of each whorl 
is small and constant.  
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DISCUSSION: Similarities in morphology and size suggest an affinity with Campanile 
brasiliense Maury, 1930, from the Campanian to Maastrichtian of Paraíba, Brazil (Maury 
1930), but the whorls of Cerithium tenouklense are more rounded and the suture narrower. 
 
OCCURRENCE: “Cerithium” tenouklense (Coquand, 1862) is known from the 
“Rhotomagian”, Cenomanian to Turonian and “Senonian” of Algeria, the Albian to 
Campanian of Egypt, the Cenomanian, Coniacian and Campanian to Maastrichtian of Tunisia, 
the Cenomanian of Madagascar, the Cenomanian of the Middle East and possibly the 
Cenomanian and Turonian of Sergipe, Brazil (this study).  
 
 
“Cerithium”? sp. A 
(Text-fig. 8B, C) 
 
MATERIAL: Two specimens, preserved as internal moulds, from the lower or middle 
Turonian of Boa Luz 9 (C312.7) and the upper Turonian (possibly lower Coniacian) of 
Socorro 7 (C3.68a), Sergipe Basin, Brazil. 
 
DIMENSIONS of “Cerithium”? sp. A (AA and SA not measurable): 
Specimen no.  H (mm) W (mm)  
C3.68a    9   4   
C312.7    8   4    
 
DESCRIPTION: The small specimens bear numerous fine, closely spaced axial ribs. The 
axial ribs and the spiral cords are approximately equal in size.  
 
DISCUSSION: Cerithium sergipensis Maury, 1937, from the Albian of Sergipe, Brazil 
(Maury 1937), is similar but the specimens described here have more numerous spiral cords 
(> 15) and axial ribs (> 10), partly vanishing in the middle of the body whorl.  
 
 
“Cerithium”? sp. B  
(Text-fig. 8D, E) 
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MATERIAL: One specimen, preserved as external mould, from the lower or middle Turonian 
of Pedra Furada 4 (C95.117), Sergipe Basin, Brazil. 
 
DIMENSIONS of “Cerithium”? sp. B (AA and SA not measurable): 
Specimen no.  H (mm) W (mm)  
C95.117   62   33   
 
 
 
 
 
Text-fig. 8. A − “Cerithium”? riachuelanum? Maury, 1937 from Pedro Gonçalves 3 (C505.16). B–C − 
“Cerithium”? sp. A; B, C312.7 from Boa Luz 9, apertural view; C, C3.68a from Socorro 7. D–E − “Cerithium”? 
sp. B from Pedra Furada 4 (C95); D, dorsal view; E, apertural view. F–G − “Cerithium”? harttii? White, 1887; 
F, C290.1 from Sergipe 8; G, C327.9 from Boa Sorte 5. H–K − “Cerithium”? tenouklense? (Coquand, 1862) 
from São Roque 1 (C50.8); H, apertural view; I, dorsal view. J, K, C41.50 from Oiteiro 19; J, apertural view; K, 
dorsal view. 
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DESCRIPTION: The specimen is medium-sized and turreted, with seven preserved flattened 
whorls. Remains of the external shell ornamentation consist of distinct, nearly rectangular 
nodes, arranged in a cord-like pattern, directly above the impressed suture. There are 
additional, weaker spiral cords, approximately in the middle of each whorl. The first five 
whorls show no ornamentation except for a weak keel in the middle. The last, nearly smooth 
whorl shows, instead of a chain of nodes, a weak spiral keel in the middle of the whorl and a 
groove on the last preserved whorl. Apex and aperture are missing. 
 
DISCUSSION: The Sergipe specimen differs from species of Turritella in the lower shell and 
nearly flat whorls. In Nerinea Deshayes, 1827, the whorls are subdivided by a groove. The 
Sergipe specimen shows a groove on the last preserved whorl but Nerinea differs in having 
nearly equally sized whorls.  
 Cerithium gollmeri Blanckenhorn, 1927, from the Aptian of the Middle East 
(Blanckenhorn 1927) is smaller and the whorls are more flattened. C. anachoreta Greco, 
1916, from the Maastrichtian of Egypt (Greco 1916) has four spiral cords, of which one is 
developed as a distinct cord above the suture.  
 
 
 
 
Order Neomesogastropoda Bandel, 1991  
Family Naticidae Guilding, 1834  
Genus Gyrodes Conrad, 1860  
 
TYPE SPECIES: Rapa supraplicata Conrad, 1858 (= Natica (Gyrodes) crenata Conrad, 1860 
(Sohl 1960)), by monotypy.  
 
DIAGNOSIS: Shell medium-sized to large, subglobose, low spired; ornamentation restricted 
to growth lines, commonly with nodes or crenulations near the suture and umbilical margin; 
umbilicus broad and deep, free of callus, inner-lip callus very thin; aperture subovate, inclined 
(Sohl 1960).  
 
REMARKS: Sohl (1960) noted that Gyrodes occurs mainly in the Upper Cretaceous but is 
also represented in the Albian. He separated the genus into three main groups: a) forms with a 
crenulate and sharp umbilical margin and crenulations near the suture (G. supraplicatus 
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(Conrad, 1858)); b) forms with a smooth whorl surface and a rounded umbilical margin 
(G. americanus (Wade, 1926)) and c) forms with a rounded umbilical margin and a non-
crenulated but distinctly channelled suture (G. spillmani Gabb, 1861).  
 Akers and Akers (1997, p. 139, fig. 129) illustrated the different shapes of the Texas, 
USA, genera, for example, Gyrodes, Natica, Euspira, Lunatia and Tylostoma. They noted the 
systematics of Popenoe et al. (1987), who subdivided their Gyrodes in three groups: Gyrodes 
s.s., group of G. americanus and Sohlella. Akers and Akers (1997) named the groups (Type 1 
to 3): Gyrodes s.s. or Gyrodes (Gyrodes), Gyrodes s.l. and Gyrodes (Sohlella). 
 
 
Gyrodes acutimargo? (Roemer, 1841)  
(Text-fig. 9C–E) 
 
 cf. *1841.   Natica acutimargo; Roemer, p. 83, pl. 12, fig. 14. 
 cf.  1888.   Gyrodes acutimargo Roem. sp.; Holzapfel, p. 142, pl. 14, fig. 27. 
 
MATERIAL: Three specimens, preserved as internal moulds, from the upper Turonian of 
Oiteiro 28 (C15.20, 21) and Oiteiro 4 (C34.16), Sergipe Basin, Brazil.  
 
DIMENSIONS of Gyrodes acutimargo? (Roemer, 1841) (AA and SA not measurable):  
Specimen no.  H (mm) W (mm)  
C15.20    -   40   
C15.21    20   34   
C34.16    19   36   
 
DESCRIPTION: Medium-sized, lens-shaped specimens with a very low spire and an off-
centred apex. The posterior part is flat, with convex whorls, a distinct ramp without 
crenulations and a weak shoulder. The suture is deeply channelled. One specimen (C34.16) 
shows growth lines.  
 
DISCUSSION: Internal moulds reflect mainly the inside of shells and therefore may not show 
all the morphological characters listed in the generic diagnosis. In this case, the lack or 
presence of only a weak shoulder cannot be used for classification. The size of the shell is 
also a very vague diagnostic character. 
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 Holzapfel (1888) noted that Gyrodes conradi Meek, 1876 (= Natica crenata Conrad, 
1860) from the undifferentiated Upper Cretaceous of the USA (“Dakota Territory”), has a 
higher spire. G. spillmani Gabb, 1861, from, for example, the Campanian and Maastrichtian 
of Mississippi, Tennessee and Texas, USA (Stephenson 1941; Sohl 1960, 1964a; Akers and 
Akers 1997), has a more deeply channelled suture and lacks a ramp. Sohl (1960) 
distinguished G. spillmani from the German G. acutimarginata (Roemer) (misprint for G. 
acutimargo?) in the different body proportions.  
 
OCCURRENCE: Gyrodes acutimargo (Roemer, 1841) is known from the undifferentiated 
Upper Cretaceous and “lower Senonian” of Germany and possibly the upper Turonian of 
Sergipe, Brazil (this study).  
 
 
Gyrodes biangulata? (Shumard, 1860)  
(Text-fig. 9A, B) 
 
 cf. *1860.   Neritopsis biangulatus, n. sp.; Shumard, p. 598. 
 cf.  1947.   Gyrodes biangulata (Shumard); Stanton, p. 67, pl. 49, figs 39−40. 
 cf.  1997.  Gyrodes s. l. biangulata (Shumard, 1860); Akers and Akers, p. 142, fig. 134  
     (after Stanton 1947). 
 
MATERIAL: Two specimens, preserved as incomplete internal moulds, from the upper 
Turonian of Cajaíba 7 (C37.258, 262), Sergipe Basin, Brazil. 
 
DIMENSIONS of Gyrodes biangulata? (Shumard, 1860) (AA and SA not measurable):  
Specimen no.  H (mm) W (mm)  
C37.258   34   39 
Specimen C37.262 is not measurable.   
 
DESCRIPTION: The stout specimens are medium-sized with a very short and an off-centred 
apex. The weakly convex, posteriorly flattened whorls have a ramp with a narrow shoulder. 
The body whorl forms c. 80 % of the total height. The suture is impressed and the aperture 
subcircular. 
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Text-fig. 9. A–B – Gyrodes biangulata? (Shumard, 1860); A, B, C37.258 from Cajaíba 7; A, apical view; B, 
dorsal view. C–E – Gyrodes acutimargo? (Roemer, 1841); C, D, C34.16 from Oiteiro 4; C, apical view; D, 
apertural view; E, C15.20 from Oiteiro 28; apical view. I–J – Gyrodes? sp. A; I, J, C37.259 from Cajaíba 7, I, 
apical view, J, apertural view. F–H – Gyrodes supraplicatus? (Conrad, 1858); F, G, H, C166.4 from Oiteiro 3, F, 
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apical view; G, dorsal view; H, apertural view. K–M – Gyrodes? sp. B; K, L, M, C451.66 from Timbó 5; K, 
apical view; L, apertural view; M, anterior view. N–O, R–T – Gyrodes? edura? (Stoliczka, 1868); N, O, 
C112x.126x1 from Itaporanga 2; N, apical view; O, apertural view. R, S, T, C124.37 from São Roque 6; R, 
apical view, S, apertural view; T, anterior view. P–Q – Euspira? sp. from Itaporanga 3 (C112.12); P, apertural 
view; Q, apical view. 
 
 
 
 
DISCUSSION: Gyrodes americanus Wade, 1926, from, for example, the Campanian of 
Texas, USA (Akers and Akers 1997), shows morphological similarities but has a larger body 
whorl and an auriculate aperture. G. spillmani Gabb, 1861, from, for example, the Campanian 
to Maastrichtian of Mississippi, Tennessee and Texas, USA (Stephenson 1941; Sohl 1960, 
1964a; Akers and Akers 1997), is smaller and has slightly depressed whorls with a narrow 
posterior ramp and a smooth, rounded shoulder.  
 
OCCURRENCE: Gyrodes biangulata (Shumard, 1860) is known from the undifferentiated 
Upper Cretaceous and the Albian of Texas, USA, and possibly the upper Turonian of Sergipe, 
Brazil (this study).  
 
 
Gyrodes? edura? (Stoliczka, 1868)  
(Text-fig. 9N–O, R–T) 
 
 cf. *1868.   Mammilla edura, Stoliczka; Stoliczka, p. 306, pl. 23, fig. 1. 
 cf.  1933.   Gyrodes cf. edura Stol.; Riedel, p. 77, text-fig. 17, pl. 18, figs 14−15. 
 
MATERIAL: Twenty-three specimens, preserved as internal moulds, from the lower 
Cenomanian of Itaporanga 2–3 (C112x.126x1−x5), the upper middle or upper Cenomanian of 
Cruzes 6 (C371.56), the upper Cenomanian of Laranjeiras 16 (C282.109), the upper 
Cenomanian or lower Turonian of Laranjeiras 14 (C284.13), the lower or middle Turonian of 
Muçuca 2 (C45.1), Pedra Furada 12 (C72.9), Retiro 8 (C83.26), Rita Cacete 3 (C91.18), São 
Roque 6 (C124.37) and Caieira 4 (C398.13), the middle or upper Turonian of Retiro 15 
(C38.208) and Santa Cruz 8 (C184.26−28), the upper Turonian of Lombada 16 (C138.30−31), 
Oiteiro 23 (C214.11) and Mata 7 (C233.60) and the upper Turonian (possibly lower 
Coniacian) of Tabocas 1 (C168.4), Sergipe Basin, Brazil. 
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DIMENSIONS of selected specimens of Gyrodes? edura? (Stoliczka, 1868) (AA and SA not 
measurable): 
Specimen no.  H (mm) W (mm)  
C72.9     9   16   
C112x.126x1   7   10   
C112x.126x2   4   7  
C112x.126x4   6   8   
C112x.126x5   5   9   
C124.37    5   9   
C282.109    13   20   
C284.13    8   9   
C371.56    8   -   
 
DESCRIPTION: The specimens are small with distinctly convex whorls. The suture is deeply 
channelled and the spire very low, with an off-centred apex. The surface of the moulds is 
smooth. There is a distinct shoulder in the middle of the body whorl. The aperture is subovate 
to subcircular.  
 
DISCUSSION: Riedel (1933) discussed the differences to Natica (Gyrodes) bouveti 
Pervinquière, 1912, from the Maastrichtian of Tunisia (Pervinquière 1912), N. subcretacea 
Reis, 1897, from the Maastrichtian of Germany (Reis 1897) and N. bulbulus White, 1887, 
from the undifferentiated Cretaceous of Sergipe, Brazil (White 1887). N. (G.) bouveti shows a 
thickend upper part of the inner lip; N. subcretacea has a broader aperture and N. bulbulus has 
a narrower umbilicus. Riedel’s Gyrodes edura showed different shapes, so the variation 
within the species appears high. All named species are very similar and the possibility of 
intraspecific variation within one single species cannot be ruled out. G. hoernesi (Favre, 
1869) from, for example, the Campanian to Maastrichtian of Poland (Abdel-Gawad 1986) is 
similar in size but has a nearly flat ramp. 
 
OCCURRENCE: Gyrodes edura (Stoliczka, 1868) is known from the undifferentiated 
Cretaceous of India, the “Emscherian” to Maastrichtian of Cameroon and possibly the 
Cenomanian, Turonian and Turonian (possibly lower Coniacian) of Sergipe, Brazil (this 
study).  
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Gyrodes supraplicatus? (Conrad, 1858)  
(Text-fig. 9F, G, H) 
 
 cf.  *1858.   Rapa supraplicata; Conrad, p. 332, pl. 35, fig. 20. 
 cf.   1941.  Gyrodes supraplicatus (Conrad); Stephenson, p. 280, pl. 51, figs 13−16. 
 cf.   1997.   Gyrodes (Gyrodes) supraplicatus (Conrad, 1858); Akers and Akers,  
     p. 140, fig. 131. 
 cf.   2000.   Gyrodes (Gyrodes) supraplicatus (Conrad, 1858); Perrilliat et al., p. 14,  
      fig. 6.8 [cum syn.]. 
 cf.   2001.   Gyrodes (Gyrodes) supraplicatus (Conrad, 1858); Kiel, p. 82, pl. 23,  
     figs 1−2. 
 
MATERIAL: One specimen, preserved as internal mould, from the upper Turonian of 
Oiteiro 3 (C166.4), Sergipe Basin, Brazil. 
 
DIMENSIONS of Gyrodes supraplicatus? (Conrad, 1858) (AA and SA not measurable): 
Specimen no.  H (mm) W (mm)  
C166.4    17   38   
 
DESCRIPTION: The medium-sized specimen has a very low spire with an off-centred apex. 
There are up to four convex whorls preserved, posteriorly flattened with weak crenulations 
and a distinct shoulder. The suture is deeply impressed and the surface of the specimen is 
smooth except for distinct growth lines. The aperture is incomplete. 
 
DISCUSSION: The specimen is similar to Gyrodes supraplicatus Type 1 of Sohl (1960, 
p. 117), characterized by a crenulate and sharp umbilical margin and crenulations near the 
suture.  
 Gyrodes major Wade, 1926, from, for example, the Campanian(?) to Maastrichtian of 
Tennessee, USA (Sohl 1960), has less rounded early whorls (e.g., G. cf. major of Elder 
(1996), Campanian of Texas, USA) and G. rotundus Stephenson, 1941, from the 
Maastrichtian of Texas, USA (Stephenson 1941), has a channelled suture. Kiel (2001) noted 
similarities to G. (Gyrodes) dowelli White, 1889, from the Turonian of California, USA 
(figured by Popenoe et al. 1987), although this species has smooth whorls. 
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OCCURRENCE: Gyrodes supraplicatus (Conrad, 1858) is known from the undifferentiated 
Upper Cretaceous of Mississippi and the Campanian to Maastrichtian of Texas, USA, the 
Maastrichtian of Mexico and possibly the upper Turonian of Sergipe, Brazil (this study). 
 
 
Gyrodes? sp. A 
(Text-fig. 9I, J) 
 
MATERIAL: One specimen, preserved as an incomplete internal mould, from the upper 
Turonian of Cajaíba 7 (C37.259), Sergipe Basin, Brazil. 
 
DIMENSIONS of Gyrodes? sp. A (AA and SA not measurable): 
Specimen no.  H (mm) W (mm)  
C37.259   23   41   
 
DESCRIPTION: Medium-sized, lens-shaped specimen, with very low spire and an off-
centred apex. The specimen shows a distinct ramp and a distinct shoulder, so the section 
appears nearly rectangular. The whorls are weakly convex. The suture is deeply channelled 
and the aperture subovate.  
 
DISCUSSION: The Sergipe specimens are similar to Gyrodes spillmani Gabb, 1861, from, 
for example, the Campanian to Maastrichtian of Mississippi, Tennessee and Texas, USA 
(Stephenson 1941; Sohl 1960, 1964a; Akers and Akers 1997), and to G. subcarinatus 
Stephenson, 1941 (= Gyrodes americanus (Wade) (Sohl 1960)) from, for example, the 
Campanian(?) to Maastrichtian of Mississippi, Tennessee and Texas, USA (Stephenson 1941; 
Sohl 1960). Both species are similar in size to the Sergipe specimen but the whorls show a 
weak ridge near the suture.  
 
 
Gyrodes? sp. B 
(Text-fig. 9K, L, M) 
 
MATERIAL: One specimen, preserved as internal mould, from the upper Cenomanian of 
Timbó 5 (C451.66), Sergipe Basin, Brazil. 
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DIMENSIONS of Gyrodes? sp. B (AA and SA not measurable): 
Specimen no.  H (mm) W (mm)  
C451.66   6   10   
 
DESCRIPTION: A small specimen with a very low spire and a centred apex. The suture is 
deeply channelled. No growth lines or crenulations are visible. The specimen shows a 
persistently wide ramp and a weak shoulder. The aperture is subovate to subcircular. 
 
DISCUSSION: As noted earlier, the size of the shell is a questionable diagnostic character. In 
contrast to Sohl’s diagnosis different described species (e.g., Gyrodes petrosus (Morton, 
1834) (Sohl 1960); G. spillmani Gabb, 1861 (Sohl 1960) and G. (G.) pattoni Stainbrook, 1940 
(Akers and Akers 1997)) show that the diagnosis needs revision. 
 Gyrodes? sp. B differs from Gyrodes? sp. A (described above) in having lower whorls, 
particularly the body whorl. The ramp is narrower and the apex centred. The smallest form 
from the Albian of Texas, G. (G.) pattoni Stainbrook, 1940 (e.g., Akers and Akers 1997), 
shows distinct crenulations and a broader ramp.  
 
 
Genus Euspira Agassiz in Sowerby, 1838  
 
TYPE SPECIES: Natica glaucinoides Sowerby, 1812 (= Natica labellata Lamarck, 1804 
(Dall 1915)), by subsequent designation by Dall (1915). 
 
DIAGNOSIS: Medium-sized to large, globose shell; abutting to impressed suture; with open, 
small to medium-sized umbilicus, lacking a funicle (Sohl 1960). 
 
SYNONYMS: Labellinacca Cossmann in Cossmann and Peyrot, 1919; Lunatia Gray, 1847 
(Sohl 1960; Erickson 1974). 
 
REMARKS: The relationship between Euspira and Lunatia is unclear. Meek (1876) 
considered the genera as synonyms, an opinion shared by Sohl (1960). The type species of 
Euspira is Natica glaucinoides Sowerby, 1812 (e.g., Wrigley 1949; Sohl 1960; Akers and 
Akers 1997) and that of Lunatia is Natica ampullaria Lamarck, 1822 (e.g., Shimer and 
Shrock 1959; Akers and Akers 1997). A detailed revision is needed because the relation 
between the two genera is questionable and it could not be solved in this study. Sohl (1960, 
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1967) noted that in shape and general features Euspira resembles Natica and has been 
assigned to this genus by some authors. Wrigley (1949) noted that Euspira “is used for fossil 
species which resemble the living Lunatia Gray, 1847, which could be treated as a synonym 
to Euspira, except for the consideration that the animal of a living species is, or can be 
known, while that of a fossil is not”. Zittel (1903) proposed Lunatia as a subgenus of Natica.  
 According to Akers and Akers (1997), Lunatia is considered by many palaeontologists to 
be synonym to Euspira and Labellinacca Cossmann in Cossmann and Peyrot, 1919. Akers 
and Akers (1997, p. 139) showed the different shapes of the Cretaceous Texas genera, for 
example, Gyrodes (Sohlella), Natica, Euspira, Lunatia and Tylostoma and described both 
genera (Euspira and Lunatia) from the Cretaceous of Texas, USA. 
 
 
Euspira? sp. 
(Text-fig. 9P, Q) 
 
MATERIAL: Three specimens, preserved as internal moulds, from the lower Cenomanian of 
Itaporanga 2–3 (C112x.34, 155) and Itaporanga 3 (C112.12), Sergipe Basin, Brazil. 
 
DIMENSIONS of Euspira? sp. (AA and SA not measurable): 
Specimen no.  H (mm) W (mm)  
C112.12   47   42   
C112x.34   -   33   
C112x.155   -   17   
 
DESCRIPTION: The ovate, medium-sized specimens have a very low spire, which occupies 
less than 10 % of the height. There are four, rapidly increasing, convex, smooth whorls. The 
sides are flattened, with a weak ramp and a sharply rounded shoulder. The suture is 
channelled. The aperture is auriculate and as high as the body whorl. 
 
DISCUSSION: Lunatia lyrata (Sowerby in Sedgwick and Murchison, 1832) from, for 
example, the Cenomanian, Turonian and “Senonian” of Europe (Zekeli 1852; Rahman 1967; 
Smettan 1997) and the undifferentiated Cretaceous of India (Stoliczka 1868) has a more 
weakly impressed suture and a pointed apex. The first whorls are higher spired. The Sergipe 
specimens also show similarities with L. subhumerosa White, 1887, from, for example, the 
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Albian of Sergipe (Maury 1937) and L. lunula White, 1887, from, for example, the Miocene 
of Pará (Maury 1925), Brazil, but both lack the weak shoulder.  
 Lunatia climacodes Riedel, 1933, from, for example, undifferentiated localities of 
Cameroon and L. leptostomata Riedel, 1933, from, for example, the Campanian or 
Maastrichtian of Cameroon (Dartevelle and Brébion 1956) are of similar size. However, 
L. climacodes is higher spired and has more convex whorls, L. leptostomata has a nearly 
round shape and the spire is also higher. Euspira sergipensis Maury, 1937 from the Albian of 
Sergipe, Brazil (Maury 1937), is larger and the whorls have a more angular shoulder.  
 Euspira rectilabrum (Conrad, 1858), from, for example, the Campanian to Maastrichtian 
of Mississippi, Tennessee and Texas, USA (Stephenson 1941; Sohl 1960; Dockery 1993; 
Akers and Akers 1997), is higher spired and more slender and the aperture is broadly ovate. 
Sohl (1960) discussed the relationship to other similar species, such as Lunatia halli Gray, 
1847; L. concinna (Hall and Meek, 1856) and L. carolinensis Conrad, 1873. He noted that 
“the shape and features of Euspira rectilabrum are so generalized that it is difficult to find any 
characters with which to distinguish it from similar forms”. 
 Globiconcha rotundata d’Orbigny, 1842, from the Cenomanian of France (Kollmann 
2005b) is smaller and has a higher spire. G.? marrotiana d’Orbigny, 1842, from the 
Campanian to Maastrichtian of France (Kollmann 2005b) has an immersed spire and the 
aperture does not reach the height of the body whorl. G. “intermedia” Coquand, 1860, from, 
for example, the Cenomanian to Maastrichtian of France (Kollmann 1985) shows similarities 
in shape and size. Kollmann’s description (oviform shape, body whorl nine-tenth of the total 
height, etc.) matches that of the Sergipe specimens, with the exception of “aperture very 
narrow at suture”. The Sergipe specimens have a greater distance between aperture and suture 
and anteriorly a constantly broad aperture. G. incerta Thomas and Peron in Peron, 1889, from 
the Santonian of Tunisia (Thomas and Peron in Peron 1889) has also a similar shape and a 
low spire, but the aperture is broader than in the Sergipe specimens. 
 
 
 
 
Order Strombimorpha Bandel, 1991 
Family Aporrhaidae Gray, 1850  
Genus Aporrhais da Costa, 1778  
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TYPE SPECIES: Strombus pespelecani Linnaeus, 1758 (= Aporrhais quadrifidus da Costa, 
1778 (Wenz 1938)), by monotypy. 
 
DIAGNOSIS: Thick-shelled, turreted coniform to fusiform shell, with tall spire, consisting of 
c. ten convex whorls; ornament consisting of spiral nodes, cords and spiral ridges; body whorl 
occupies about half of the shell height; outer lip greatly expanded into a plate, shaped as the 
webbed foot of a bird, with four or five spine-like extensions, one of the extension oriented in 
posterior direction; second and third spine terminate laterally and outer surface with 
continuation of the keels of the body whorl; anterior part of these spines of the same length or 
shorter than the posterior one, spines gutter-like on the inner side; siphonal canal is the 
anterior spine of varying length, straight and often inclined towards the left (based on Wenz 
1938; Bandel 2007, with modifications).  
 
SYNONYMS: Chenopus Philippi, 1836 (Zittel 1903; Wenz 1938; Müller 1994); Pelecanus 
Piette in d’Orbigny, 1891 (Wenz 1938; Müller 1994). 
 
REMARKS: Shimer and Shrock (1959) noted similarities to Anchura Conrad, 1860, and 
remarked that Anchura has a lip with a posterior canal, closely connected to the spire or free, 
and the whorls are strongly biangulate and the outer lip is expanded, lobed or digitate. 
 
 
Aporrhais? dutrugei? (Coquand, 1862)  
(Text-fig. 10A−C) 
 
 cf. *1862.  Rostellaria Dutrugei H. Coq.; Coquand, p. 185, pl. 5, fig. 4. 
 cf.   1912.   Aporrhais (?) Dutrugei Coquand; Pervinquière, p. 24, pl. 2, figs 1–7. 
 cf.   1927.   Pterodonticeras Dutrugei Coq. Sp.; Blanckenhorn, p. 168, pl. 9 [5],  
     fig. 93. 
 cf.   1974.   Pterodonticeras ? dutrugei (Coquand, 1862); Albanesi and Busson, p. 303,  
      pl. 23, figs 3–5. 
 cf.   2006.   Aporrhais dutrugei (Coquand, 1862); El Qot, p. 100, pl. 20, figs 7−8. 
 cf.   2007.   Aporrhais dutrugei (Coquand, 1862); Mekawy, p. 160, pl. 1, fig. 15. 
 cf.   2011.  “Aporrhais” dutrugei (Coquand, 1862); Ayoub Hannaa, p. 177, pl. 17,  
        figs 3–4. 
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MATERIAL: Twelve specimens, preserved as internal moulds, from the upper middle or 
upper Cenomanian of Japaratuba 10 (C352.2x), Cruzes 8 (C358.2, 14−15) and Cruzes 7 
(C364.13), the upper Cenomanian of Timbó 4 (C452.15), Japaratuba 13 (C616.11), and 
Japaratuba 14 (C618.26), the upper Cenomanian or lower Turonian of Japaratuba 11 
(C507.75), the lower Turonian of Sergipe 5 (C296.8), the lower or middle Turonian of 
Machado 8 (C243.1) and the upper Turonian of Mucuri 10 (C28.12), Sergipe Basin, Brazil. 
 
DIMENSIONS of selected specimens of Aporrhais? dutrugei? (Coquand, 1862): 
Specimen no.  H (mm) W (mm) AA  SA  
C28.12     19   13   -  -  
C352.2x    19   8   32°  27°  
C358.2    22   13   -  -  
C358.14   12   6   -  -  
C358.15    13   9   -  -  
C364.13    18   10   -  -  
C452.15    15   -   -  -  
C507.75    27   14   -  -  
C618.26    22   12   -  -  
 
DESCRIPTION: The turreted specimens are small to medium-sized. There are up to four 
whorls preserved. The surface is smooth, but some specimens (e.g., C243.1) show remains of 
strong axial ribs. The aperture is nearly auriculate.  
 
DISCUSSION: Andrade and Felix (2012) described two specimens of Aporrhais (Helicaulax) 
subgibbosus? Pervinquière, 1912, from the Turonian of Sergipe, Brazil. Their figured 
specimens and the description did not note ornamentation. In contrast to A. subgibbosus 
Pervinquière, 1912, from the Turonian of Tunisia (Pervinquière, 1912), A. dutrugei lacks 
spiral ornamentation with nodes and a distinct cord on the body whorl. The Albian species 
Aporrhais? kentensis Stanton, 1947, from Texas, USA (e.g., Akers and Akers 1997), is equal 
in size to the Sergipe specimens but has a smooth surface.  
 Anchura? sp. (described below) differs in having a more weakly impressed suture and a 
lens-shaped body whorl. Aporrhais? sp. (described below) has a spiral ornamentation.  
 
OCCURRENCE: Aporrhais dutrugei (Coquand, 1862) is known from the “Rhotomagian”, 
“Senonian”, Maastrichtian and Eocene of Algeria, the Albian to Turonian of Egypt, the 
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Cenomanian, “Senonian” and Campanian to Maastrichtian of Tunisia, the Cenomanian of the 
Middle East and possibly the Cenomanian and Turonian of Sergipe, Brazil (this study).  
 
 
Aporrhais? sp. 
(Text-fig. 10F, H, K, L) 
 
MATERIAL: One hundred thirteen specimens, preserved as external moulds, from the upper 
middle Cenomanian of Cruzes 11 (C361.2, 9, 36, 94, 103), Jardim 9 (C462.6, 8−9), Jardim 24 
(C469.17, 19, 19a, 28, 31x1) and Jardim 10 (C620.4x1−2), the upper middle or upper 
Cenomanian of Cruzes 3 (C357.11), Cruzes 8 (C359.55−61), Cruzes 6 (C371.x1−9, 53x1−2, 
54x1−8, 182–184) and Jericó 6 (C386.2, 8), the upper Cenomanian of Timbó 7 (C450.9, 12, 
17, C452.3−5, C452.11−13, 25x, 44–49), Jardim 19 (C464x.10, 126) and Jardim 16 
(C512.6−7), the lower Turonian of Magalhães 7 (C354.x1, 11, 13a, 13b, 13x) and Caraíbas 5 
(C427.3), the lower or middle Turonian of Santa Cruz 1 (C93.15), São Roque 7 (C123.1), 
Retiro 16 (C120.117), Lombada 3 (C144.5) and General Maynard 3 (C481.6, 2x1−6, 16, 18), 
the middle or upper Turonian of Santa Cruz 8 (C184.18, 23) and Benjamim Constant 4 
(C459.13), the upper Turonian of Cajaíba 7 (C37.55), Oiteiro 22 (C153.2) and Mata 7 
(C233.34−36, 44, 46−47, 50, 63−64) and the upper Turonian (possibly lower Coniacian) of 
Socorro 7 (C3.66−67, 69−72) and Socorro 11 (C360.1−7), Sergipe Basin, Brazil. 
 
DIMENSIONS of selected specimens of Aporrhais? sp. (AA and SA not measurable): 
Specimen no.  H (mm) W (mm)  
C361.94   17   12   
C361.103   15   -   
C386.8    11   5   
C452.5    11   6   
C452.44   11   6   
C462.6    17   10   
 
DESCRIPTION: The specimens are small to medium-sized with a turreted shape. The body 
whorl is the largest one, elongate and cup-shaped. There are up to six whorls preserved. The 
surface shows numerous distinct spiral cords, but lacks axial ribs. There are six or more 
additional cords below one distinct. This strong spiral cord occurs on the upper third of the 
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body whorl, which extends in a wing-like outer lip. The strong subsutural cord is connected 
posteriorly to the spire. The area between the two spines is poorly preserved.  
 
DISCUSSION: Lefranc (1977) identified Pterocera cf. decussata Zekeli, subsequently 
Pterocera (Dicroloma?) aff. decussata (Zekeli) (Lefranc in Bengtson 1983, pp. 44–45) in the 
material studied here, but P. decussata differs in having also faint axial ribs. Lefranc in 
Bengtson (1983, p. 44) assigned the Sergipe specimens partly to Chenopus (Drepanochilus) 
aff. costae (Choffat), but C. costae Choffat, 1886, from the Cenomanian of Portugal differs 
from A.? sp. in having distinct nodes on the body whorl, extending on the outer lip. 
 Kiel and Bandel (2002) described Latiala papilionacea (Goldfuss, 1844) from the 
Santonian of southern India and the Santonian to Campanian of South Africa and figured four 
specimens. Their specimen (figure 1C) shows morphological similarities in size and 
ornamentation with the Sergipe specimens, but the cord in the middle of the whorls appears 
more like a chain of nodes. Their other figures show less similarity to the Sergipe specimens. 
 Aporrhais? sp. differs from Drepanocheilus? sp. A and Anchura? sp. described below in 
lacking axial ribs; D.? sp. A has two distinct spiral cords on the body whorl in contrast to 
Aporrhais? sp. The differences between D.? sp. A and Aporrhais? sp. are often difficult to 
determine. The development of the cord may differ, so the cord may appear weaker or 
stronger. Anchura? sp. has a more globular body whorl and a distinct axial and spiral 
ornamentation. 
 Andrade and Felix (2012) reported one specimen of Aporrhais sp. from the Turonian of 
Sergipe, Brazil. Their specimen is larger (42 mm high) and lacks ornamentation. The 
apertural view is not figured and in the absence of a detailed description, classification 
remains questionable.  
 
 
Genus Drepanocheilus Meek, 1864  
 
TYPE SPECIES: Rostellaria americana Evans and Shumard, 1857 (= Drepanochilus evansi 
Cossmann, 1904 (Sohl 1960; Kaim et al. 2004)), by original designation. 
 
DIAGNOSIS: Small to medium-sized, high spired shell, with convex whorls; protoconch 
smooth; early teleconch ornamented with sloping axial ribs and fine spiral cords, with varices 
at about each half whorl; body whorl ornamented with two or more cords, the upper one 
continuing onto the single, upward-turned wing that forms a posterior lamella, partly 
 59 
 
connected to the shell; aperture narrow, ending with a short siphonal canal; inner lip thickened 
with callus, forming a distinct ribbon with sharp border (based on Sohl 1960; Bandel 2007, 
with modifications). 
 
REMARKS: Bandel (2007) noted the type species Rostellaria evansi Cossmann, 1904, from 
the Maastrichtian Fox Hills Sandstone, South Dakota, and Kaim et al. (2004) from the 
Maastrichtian, Sage Creek, Nebraska, USA, but the original description is from the Moreau 
and Grand Rivers, “Nebraska Territory”, today South Dakota, USA. 
 Drepanocheilus differs from Pterocera Lamarck, 1799, in the ornamentation, the latter 
having spiral cords on all whorls. Drepanocheilus has axial ribs and strong spiral keels on the 
body whorl. Kiel and Bandel (2002) discussed the differences between Drepanocheilus, 
which possesses two or more keels, and Anchura, which has often a forked wing and only one 
cord on the body whorl. The wing of the outer lip may be longer and the ornament of the spire 
coarser. In contrast, Arrhoges Gabb, 1868, has only one cord or even lacks a cord (Bandel 
2007).  
 According to Sohl (1960), the “single upward to upward and backward reflected” spine of 
the outer lip is common to several genera, for example, Arrhoges Gabb, 1868, and 
Hemichenopus Steinmann and Wilckens, 1908, but Drepanocheilus differs in having strong 
spiral cords on the body whorl. 
 
 
Drepanocheilus? sp. A 
(Text-fig. 10D, E, I, J, M) 
 
MATERIAL: Twenty-three specimens, preserved as internal and external moulds, from the 
upper middle or upper Cenomanian of Cruzes 6 (C371.180) and Jericó 6 (C386.6−7), the 
upper Cenomanian of Timbó 4 (C452.3−4), the lower Turonian of Pedra Branca 8 (C262.9), 
the lower or middle Turonian of Ribeira 5 (C17.2) and Retiro 16 (C120.115−116, 118), the 
middle or upper Turonian of Santa Cruz 8 (C184.19−22), the upper Turonian of Oiteiro 22 
(C153.2), Oiteiro 23 (C214.14), Mata 7 (C233.48, 51, 65), Santa Cruz 11 (C502.08), Oiteiro 
24 (C528.3) and Santa Cruz 14 (C626.12) and the upper Turonian (possibly lower Coniacian) 
of Socorro 7 (C3.11), Sergipe Basin, Brazil. 
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Text-fig. 10. A–C – Aporrhais? dutrugei? (Coquand, 1862); A, C28.12 from Mucuri 10, dorsal view; B, C, 
C618.26 from Japaratuba 14; B, apertural view; C, dorsal view. F, H, K–L – Aporrhais? sp.; F, C144.5 from 
Lombada 3, dorsal view; H, C361.94 from Cruzes 11; dorsal view; K, C462.6 from Jardim 9; L, C361.103 from 
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Cruzes 11; dorsal view. D–E, I–J, M – Drepanocheilus? sp. A; D, E, C452.3 from Timbó 4; D, dorsal view, E, 
apertural view; I, C17.2 from Ribeira 5, dorsal view; J, C386.6 from Jericó 6, dorsal view (?); M, C120.115 from 
Retiro 16. G, N–O – Drepanocheilus? sp. B; G, C73.22 from Pedra Furada 13, apertural view. O, C452.160 from 
Timbó 4; N, C359.37 from Cruzes 8, apertural view. 
 
 
 
 
DIMENSIONS of selected specimens of Drepanocheilus? sp. A. (AA and SA not 
measurable): 
Specimen no.  H (mm) W (mm)  
C386.6    9   6    
C452.3    10   7    
C452.4     6   4    
C17.2 = C17.2x  14   9    
C120.115    -   5    
 
DESCRIPTION: The small, turreted specimens show up to eight preserved whorls. The suture 
is clearly impressed. Ornamentation on the first whorls is not distinct, but appears to consist 
of faint axial ribs. The body whorl has only two distinct spiral cords or keels and up to 13 
weak spiral cords, which extend to the outer lip. The first cord on the body whorl is in the 
upper third and the second in the lower third of the whorl. 
 
DISCUSSION: Lefranc (1977, in Bengtson 1983, table 3) identified Pterocera cf. decussata 
Zekeli, subsequently Pterocera (Dicroloma?) aff. decussata (Zekeli) (Lefranc in Bengtson 
1983, pp. 44–45) in the material studied here, but P. decussata differs from Drepanocheilus? 
sp. A in having weak axial ribs and more than two spiral keels on the body whorl. Lefranc in 
Bengtson (1983, p. 44) assigned the Sergipe specimens partly to Chenopus (Drepanochilus) 
aff. costae (Choffat), but C. costae Choffat, 1886, differs from D.? sp. A in having distinct 
nodes on the body whorl, extending to the outer lip. 
 The Sergipe specimens show similarities to various Upper Cretaceous species from North 
America, for example, Drepanochilus quadriliratus (Wade, 1926) (e.g., Sohl 1960) and 
D. texanus Stephenson, 1941, both from the Maastrichtian. But these species have, in contrast, 
axial ribs on the body whorl above the first or middle cord. D. evansi Cossmann, 1904, from, 
for example, the Campanian to Maastrichtian of Texas, USA (Akers and Akers 1997), shows 
many similarities to the Sergipe specimens. The first cord is in the upper third of the body 
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whorl and there is one distinct spiral cord below. The size and the shape are also similar, but 
the missing whorls and the state of preservation do not allow a closer comparison. 
D. bicarinatus Abbass, 1963, from the Maastrichtian and Danian of Egypt (Abbass 1963) 
shows the same two distinct cords but lacks the faint axial ribs on the spire. D. magharensis 
Abbass, 1963, from the Albian of Egypt (Abbass 1963) is similar in size and shape and shows 
the same ornamentation, but the axial ribs are more prominent, particularly on the body whorl. 
 Anchura whitneyensis Stephenson, 1953, and A. turricula Stephenson, 1953, both from 
the Cenomanian of Texas, USA (Stephenson 1953), show a very similar ornamentation to the 
Sergipe specimens and are also of same size. A. whitneyensis shows more convex whorls and 
more distinct axial ribs. A. turricula lacks the second distinct keel on the lower third of the 
body whorl. Bandel (2007) noted the similarities of these species to Drepanocheilus sp. from 
the Paleocene of Greenland, described by Kollmann and Peel (1983). However, this species 
differs in having axial ribs on the body whorl, between the suture and the first keel. 
 Aporrhais pyriformis (Kner, 1848) from, for example, the Maastrichtian of Poland 
(Abdel-Gawad 1986) differs in having three distinct spiral cords on the body whorl. 
 
 
Drepanocheilus? sp. B 
(Text-fig. 10G, N−O) 
 
MATERIAL: Twenty-one specimens, preserved as internal and external moulds, from the 
upper middle or upper Cenomanian of Cruzes 8 (C359.37, 74), the upper Cenomanian of 
Laranjeiras 5 (C301.9), Timbó 7 (C450.16) and Timbó 4 (C452.2, 8, 17, 32−34, 160), the 
lower or middle Turonian of Pedra Furada 13 (C73.11, 22), Retiro 8 (C83.25), Santa Cruz 1 
(C93.94), Madre de Deus 4 (C280.7) and General Maynard 1 (C448.15x1−2), the upper 
Turonian of Oiteiro 23 (C214.13) and Socorro 4 (C488.12) and the upper Turonian (possibly 
lower Coniacian) of Socorro 7 (C3.42), Sergipe Basin, Brazil. 
 
DIMENSIONS of selected specimens of Drepanocheilus? sp. B: 
Specimen no.  H (mm) W (mm) AA  SA   
C73.22     5   6   -  -  
C359.37   14   8   -  15°  
C452.2    7   6   -  -  
C452.32   11   8   -  - 
C452.33   9   7   -  - 
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C452.34   9   7   -  - 
C452.160    11   6   -  - 
C488.12    10   4   -  - 
 
DESCRIPTION: The small specimens have a flat-sided to weakly convex body whorl. Three 
to eight opisthocline axial ribs and a subsutural cord are visible. The axial ribs are limited in 
the last third of the body whorl by a thin, spiral cord, below which the surface is smooth. 
Remains of a short, siphonal canal are preserved in some specimens. The aperture is ovate.  
 
DISCUSSION: Drepanocheilus? aff. corbetensis Stephenson, 1941, from the Campanian of 
Texas (Elder 1996) and Drepanocheilus? corbetensis Stephenson, 1941, from the 
Maastrichtian of Texas (Stephenson 1941), USA, shows morphological similarities but differs 
in the more diagonal suture and the broader whorls.  
 Acirsa (Hemiacirsa) cretacea (Wade, 1917) from, for example, the Campanian(?) to 
Maastrichtian of Tennessee, USA (Sohl 1964b), is larger and the siphonal canal is lacking.  
 Epitonium? austinense Stanton, 1947, from the undifferentiated Lower Cretaceous of 
Texas, USA (Stanton 1947), is similar in size, shape and ornamentation but differs in 
possessing a long siphonal canal.  
 
 
Genus Piestochilus Meek, 1864  
 
TYPE SPECIES: Fusus (Pleurotoma?) scarboroughi Meek and Hayden, 1858, by original 
designation. 
 
DIAGNOSIS: Fusiform, medium-sized to large shell, with moderately plump convex whorls; 
spire approximately half of total length; ornamentation dominated by strong collabral ribs and 
cords, occasionally subdued; columella with one or two folds, beginning just behind the 
aperture (based on Sohl 1964b; Erickson 1974, with modifications). 
 
REMARKS: The diagnostic size given by Sohl (1964b) and Erickson (1974) as “moderate” 
and “medium-size” is questionable and was in this study changed to “medium-sized to large”. 
For example, Dartevelle and Brébion (1956) described large specimens (incomplete, 90 mm 
high) and Brüggen (1910) measured a specimen of Piestochilus bleicheri with 140 mm height 
and 70 mm greatest width. Meek’s (1876, p. 356) original diagnosis said: “Shells of small 
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size, with spire and canal produced; volutions flattened or moderately convex and finely 
spirally straited, sometimes with vertical folds; plait or plaits of columella not exposed in a 
direct view into the aperture, very oblique, and occupying a higher position than in either of 
the foregoing; outer lip smooth within.”. This broad and vague definition shows that the genus 
is in need of systematic revision. 
 The similarities between Piestochilus and Graphidula Stephenson, 1941, were discussed 
by Sohl (1964b), who suggested the synonymy of the two genera, particularly when 
Piestochilus is used in the broad usage of Meek. Sohl (1964b) noted Piestochilus seems to be 
restricted to the upper Upper Cretaceous beds of the gulf coast and western interior, with only 
a few species. 
 Fusus Helbling, 1779; Fusus Bruguière, 1789, and Fusus Röding, 1798, are invalid and 
rejected by ICZN Opinion 1765 (1994). Fusinus Rafinesque, 1815, differs in having a 
distinct anterior canal and lacking columellar folds. 
 
 
Subgenus Cryptorhytis Meek, 1876  
 
TYPE SPECIES: Rostellaria fusiformis Hall and Meek, 1856 (= Gladius? cheyennensis Meek 
and Hayden, 1860; non R. fusiformis Pictet and Roux, 1849 (Sohl 1964b, 1967); non 
d’Orbigny (Meek 1876)), by original designation. 
 
DIAGNOSIS: Medium-sized to large, fusiform shell, with relatively long siphonal canal and 
posteriorly constricted whorls; several oblique folds relatively high on the columella, not 
visible at the aperture (based on Sohl 1964b, with modifications).  
 
SYNONYMS: Bellifusus Stephenson, 1941 (Erickson 1974). 
 
REMARKS: Meek’s original diagnosis said “Shells generally under medium size, with 
volutions convex, but constricted above, and provided with regular vertical costae or small 
folds; plaits of columella very oblique, not exposed in a direct view into the aperture, and 
occupying a higher position than in the typical group; outer lip smooth within.” According to 
Sohl (1964b), the systematic classification of Cryptorhytis is questionable. The type material 
of Meek (1876) is poorly preserved, so all specimens referred to the subgenus should be 
treated with doubt. The noted diagnostic size “moderate” in Sohl (1964b) appears to be 
questionable and was in this study changed in “medium-sized to large”. 
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 Collignon (1971) placed Piestochilus as a subgenus in Cryptorhytis in contrast to Wenz 
(1938), who regarded Cryptorhytis as a subgenus of Piestochilus. Erickson (1974) treated 
Cryptorhytis as a genus and commented on the systematic history given by Meek (1876). He 
noted that the established subgenus was based only on “one of two species”. Nearly every 
poorly preserved or otherwise “homeless species” was assigned to this genus. 
Sohl (1967) noted that the columellar constriction and the sinuous or convex ribs give 
Cryptorhytis a strong resemblance to Bellifusus Stephenson, 1941, which may be a synonym. 
In spite of these similarities, Sohl (1967) considered that the lack of good material makes a 
clear differentiation questionable but that Cryptorhytis and Bellifusus should be separated. 
 
 
Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889)  
(Text-fig. 11H, I) 
 
  *1889.   Fusus Bleicheri Thomas et Peron; Thomas and Peron in Peron, p. 90, pl. 22,  
     figs 5−6. 
   1910.   Fusus Bleicheri Thom. et Pér.; Brüggen, p. 736, text-fig. 15. 
    1912.   Fasciolaria (Cryptorhytis) Bleicheri Thomas et Peron; Pervinquière,  
      p. 70, pl. 5, fig. 15a, b; non 12–14. 
    1929.  Cryptorhytis cf. bleicheri (Thomas and Peron); Rennie, p. 46, pl 5, fig. 13. 
    1956.   Piestochilus (Cryptorhytis) cf. bleicheri (Thomas & Peron);  
      Dartevelle and Brébion, p. 83, pl. 6, figs 8–10; pl. 8, fig. 8 [cum syn.]. 
 non  1974.   Piestochilus (Cryptorhytis) bleicheri (Thomas & Peron, 1889);  
      Albanesi and Busson, p. 313, pl. 25, fig. 4, pl. 26, fig. 2. 
    2012.  Piestochilus cf. bleicheri (Thomas & Péron, 1889); Andrade and Felix,  
      p. 109, figs 5D−E. 
 
MATERIAL: Twenty-nine specimens, preserved as internal moulds, from the upper Turonian 
of Oiteiro 28 (C15.8), Mucuri 10 (C28.20), Cajaíba 7 (C37.196−197, 247−249, 343−344, 350, 
600, 617, 622, 627) and Oiteiro 19 (C40.2, C41.9, 59, 69−70, 82−83, 131−132, 136−138) and 
the upper Turonian (possibly lower Coniacian) of Cajaíba 6 (C204.18−19) and Mata 10 
(C367.11), Sergipe Basin, Brazil.  
 
DIMENSIONS of selected specimens of Piestochilus? (Cryptorhytis?) bleicheri (Thomas and 
Peron in Peron, 1889): 
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Specimen no.  H (mm) W (mm) AA  SA 
C15.8     76   -   -  -  
C28.20     116   51   -  33°  
C37.197   60   28   -  -  
C37.247    70   34   -  25°  
C37.248x   77   -   -  -  
C37.344   55   -   -  -  
C37.600   43   -   -  -  
C37.627   79   -   -  -  
C41.9     39   24   -  -  
C41.69     188   81   -  45°  
C41.70     160   74   -  -  
C41.82     145   67   -  -  
C41.83     87   61   -  -  
C41.131    127   89   -  -  
C41.132    159   75   -  -  
C41.136    130   71   -  43°  
C204.18   43   -   -  -  
C204.19   79   35   -  -  
C367.11   85   34   -  -  
 
DESCRIPTION: The fusiform specimens are medium-sized to large, with up to four 
preserved, smooth whorls, except of distinct, vertical, sinuous growth lines. The whorls are 
angular, flat near the suture of the following whorl, forming a margin. The body whorl 
occupies nearly three-fourths of the whole specimen. There is a strong keel in the middle of 
the first whorls. The body whorl bears one keel in the upper third and another weak keel in the 
lower third part. The aperture is ovate. 
 
DISCUSSION: Piestochilus (Cryptorhytis) bleicheri (Thomas & Peron, 1889) from the 
“Senonian” of Algeria described by Albanesi and Busson (1974) differs in having a narrower 
aperture. The broadest part of the body whorl is in the upper part near the suture and the 
specimens are smaller. P. levis Stephenson, 1941, from, for example, the Campanian and 
Maastrichtian of Texas, USA (Akers and Akers 1997), also shows a smooth surface and is 
smaller but bears distinct, vertical, sinuous growth lines. P.? (Cryptorhytis?) sp. described 
below differs from P.? (C.?) bleicheri in the smooth surface and the lack of a keel. 
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 Fasciolaria (Cryptorhytis) tournoueri Thomas and Peron in Peron, 1889, from, for 
example, the Turonian of Tunisia (Pervinquière 1912) and F. tournoueri from the 
Cenomanian to Turonian of Egypt (Ayoub Hannaa 2011) are both more slender than 
P. bleicheri. Collignon (1971) referred the specimens of F. (C.) bleicheri described by 
Pervinquière (1912) to Cryptorhytis assaillyi (Thomas and Peron in Peron, 1889). The 
specimens lack keels on the first whorls and on the body whorl. The shape of C. assaillyi is 
similar to that of P. bleicheri but Collignon’s specimens possibly represent a juvenile form. 
Pervinquière (1912) assigned the species bleicheri to Fasciolaria Lamarck, 1799, because of 
the three distinct columellar folds. He considered Cryptorhytis Meek, 1876, as subgenus, 
because the columellar folds do not reach the aperture. 
 Volutilithes (Palaeopsephaea) scalaris Rennie, 1930, from, for example, the Turonian of 
Gabon (Dartevelle and Brébion 1956) resembles the Sergipe specimens but differs in the 
presence of dominant axial ribs that extend over more than half of the body whorl. 
 
OCCURRENCE: Piestochilus (Cryptorhytis) bleicheri (Thomas and Peron in Peron, 1889) is 
known from the “Senonian” of Angola, the Congolese coast and Gabon, the Coniacian, 
Santonian and “Senonian” of Tunisia, the lower “Senonian” of Peru, the Turonian and 
possibly also the Turonian and Turonian (possibly lower Coniacian) (this study) of Sergipe, 
Brazil. 
 
 
Piestochilus? (Cryptorhytis?) sp. 
(Text-fig. 11G, K, L) 
 
 cf.  1933.  Cryptorhytis sp.; Riedel, p. 103, pl. 16, figs 8−9. 
 cf.  1933.   Cryptorhytis sp.?; Riedel, p. 103, pl. 23, figs 6−7. 
 (?) v1977.  Piestochilus (Cryptorhytis) aff. assaillyi (Th. & Pér.); Lefranc, p. 312. 
  v1977.  Piestochilus (Cryptorhytis) cf. thevestensis (Coquand); Lefranc, p. 312. 
 (?) v1977.  Mesorhytis cf. gasparini (d’Orb.); Lefranc, p. 312. 
  v1983.  Piestochilus (Cryptorhytis) cf. thevestensis (Coquand); Lefranc in Bengtson,  
     table 3, p. 44. 
 (?) v1983.  Mesorhytis cf. renauxianus (d’Orbigny); Lefranc in Bengtson, p. 45. 
 (?)  v1983. Fusus sp.; Bengtson, p. 47. 
 cf.   2012.  Piestochilus (Cryptorhytis)? sp.; Andrade and Felix, p. 109, fig. 5H. 
 
68 
 
MATERIAL: Twenty specimens, preserved as internal moulds, from the upper middle 
Cenomanian of Jardim 9 (C462.4), the upper Cenomanian of Laranjeiras 14 (C284.12), the 
upper Cenomanian or lower Turonian of Japaratuba 6 (C170.12, 14−15), Cruzes 17 (C376.19) 
and Japaratuba 11 (C507.21), the lower Turonian of Laranjeiras 17 (C281.7), the lower or 
middle Turonian of Muçuca 2 (C45.68), São Roque 2 (C46.2), Pedra Furada 13 (C73.9), 
Pedra Furada 15 (C89.15), Pedra Furada 4 (C95.34), São Roque 6 (C124.40), Pedra Furada 8 
(C315.4) and Boa Sorte 5 (C327.7), the middle or upper Turonian of Santa Cruz 8 (C184.61x) 
and the upper Turonian of Oiteiro 23 (C214.12) and Quizanga 1 (C621.27) and the upper 
Turonian (possibly lower Coniacian) of Oiteiro 8 (C110.2), Sergipe Basin, Brazil. 
 
DIMENSIONS of selected specimens of Piestochilus? (Cryptorhytis?) sp. (AA and SA not 
measurable): 
Specimen no.  H (mm) W (mm)  
C46.2     39   22      
C170.12   60   37      
C170.14   54   39      
C170.15    33   24      
C327.7     31   -      
C462.4     139   -      
C507.21    70   34      
C621.27    61   38      
 
DESCRIPTION: Medium-sized to large fusiform specimens with convex whorls. 
Ornamentation consists of strong, broad axial ribs, vanishing approximately in the middle of 
the slender body whorl. The interspaces are wider than the ribs. Some specimens (e.g., 
C462.4) show faint spiral cords. The suture is nearly horizontal and impressed. The aperture is 
slender, extending into a long canal. 
 
DISCUSSION: Lefranc (1977, in Bengtson 1983, table 3, p. 44) identified Piestochilus 
(Cryptorhytis) cf. thevestensis (Coquand) in the material studied here. P. thevestensis 
(Coquand, 1862) is similar in shape and ornamentation but the incomplete preservation of the 
Sergipe material does not allow a clear distinction. Lefranc (1977, in Bengtson 1983, table 3) 
assigned the Sergipe specimens partly to Mesorhytis cf. gasparini (d'Orb.), subsequently to 
Mesorhytis cf. renauxianus (d'Orbigny) (Lefranc in Bengtson 1983, p. 45). M. gasparini 
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(d’Orbigny, 1842) and M. renauxianus (d’Orbigny, 1842) differ both from Piestochilus? 
(Cryptorhytis?) sp. in having axial ribs over the whole body whorl. 
Rostellites dalli Stanton, 1894, from the Turonian(?) of Colorado, USA (Stanton 1894), 
shows similarities in size and ornamentation, but differs in having a lower spire and a more 
slender body whorl.  
 The Sergipe specimens show many similarities with Fusus renauxianus d’Orbigny, 1842, 
from the Turonian of France (e.g., Roman and Mazeran 1913; Kollmann 2005b) particularly 
in size, shape and ornamentation, but this species differs in having distinct, spiral cords and a 
prominent ramp. 
 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) described 
above is larger, with smooth whorls, except for distinct, vertical, sinuous growth lines. 
 Fusus baccatus Zekeli, 1852, from the Turonian and “Senonian” of Austria (Gosau Beds, 
Zekeli 1852), is smaller and has fewer axial ribs. Similarities concern the shape, the shape of 
the axial ribs, the finer spiral cords and the aperture. F. tournoueri Thomas and Peron in 
Peron, 1889, from the Turonian of Tunisia (Peron 1889) is higher and has a finer 
ornamentation. In particular, the axial ribs on the Sergipe specimens are more distinct.  
 
 
Genus Anchura Conrad, 1860  
 
TYPE SPECIES: Anchura abrupta Conrad, 1860, by monotypy. 
 
DIAGNOSIS: Medium-sized to large, tapering shell; spire very high, with numerous whorls; 
protoconch conical with pointed apex; teleoconch ornamented with strong spiral cords and 
axial ribs, commonly noded, forming a relatively coarse ornamentation of rectangles and 
nodes, where crossing each other, varices occur rarely; outer lip expanding into an anteriorly-
posteriorly extended, lateral edge with upper, posteriorly directed spine and lower, anteriorly 
directed lobe or blunt spine; anterior canal long, narrow, straight or curved to the left; wing of 
the outer lip splits into a larger posterior branch with median keel and a narrow, shorter one; 
inner and outer lip may be thickened by callus deposits; aperture sub-lens-shaped to elongate 
(based on Sohl 1960; Dockery 1993; Elder and Saul 1996; Bandel 2007, with modifications).  
 
REMARKS: Bandel (2007) noted that the type species Anchura abrupta Conrad, 1860, is 
from the Ripley Formation of the south-eastern USA and refered to Dockery (1993, pl. 15, 
figs 1–3), because Dockery (1993) supposed the type horizon of the type species is probably 
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the Coon Creek Tongue of the Ripley Formation, Tippah or Union County, Mississippi. 
Stephenson (1953) and Sohl (1960) remarked that also the Owl Creek Formation is possible. 
Elder and Saul (1996) noted the type species from the Maastrichtian of the U.S. Gulf Coast, 
Kiel and Bandel (2002) from the Maastrichtian Ripley Formation of the south-eastern USA 
and Kaim et al. (2004) from the Maastrichtian of Coon Creek Tongue, Mississippi, USA. The 
original description in Conrad (1860) only stated Tippah Co., Mississippi as locality.  
Anchura is a common genus in the Upper Cretaceous of North America (e.g., Wade 1926; 
Stephenson 1953; Sohl 1960; Elder and Saul 1996). Stephenson (1953) and Sohl (1960) 
summarized the problems of the original illustration of the type species Anchura abrupta 
Conrad, 1860. Only one, incomplete specimen was illustrated and the holotype is lost. The 
figure shows the body whorl, the anterior canal and an incomplete extension of the outer lip. 
Dockery (1993) described the different forms of the wing, referring Anchura to the 
Cenomanian to Maastrichtian. 
 Sohl (1960) noted the classification as a subgenus of Dicroloma Gabb, 1868, by 
Cossmann (1904) with the type species Rostellaria carinata Mantell and explained this with 
an incorrect interpretation by Cossmann. He also cited Wenz’s (1938) view that Dicroloma is 
a subgenus of Anchura and noted the differences of both genera based on the bifurcate or 
“doubly digitate outer lip” and the “shell which bears considerable resemblance to 
Pterocerella Conrad”. He further argued that Anchura could be separated from 
Drepanocheilus Meek, 1864, on the basis of the long anterior canal and the lack of body 
carinations. For more detailed discussions of the differences to Drepanocheilus, see, for 
example, Kiel and Bandel (2002) and Kaim et al. (2004). The presence of a long posterior 
canal distinguishes Helicaulax Gabb, 1868. Bandel (2007) noted that Cretaceous Anchura are 
characterized by a “split posterior spine on the outer lip of its aperture, by a rounded shape of 
its whorls, and by the presence of varices on the spire“. The total stratigraphical range of 
Anchura is not clear and Sohl (1960) proposed a re-evaluation, because many specimens 
assigned to Anchura may not belong to that genus, whereas Kaim et al. (2004) referred the 
genus to the Aptian to Eocene. 
 Elder and Saul (1996) presented a revised generic diagnosis and discussed the differences 
to the diagnoses of Sohl (1960) and Dockery (1993). Bandel (2007) noted the diagnostic 
characters of different Aporrhaidae genera, for example, Drepanocheilus, Helicaulax Gabb, 
1868; Arrhoges Gabb, 1868; Aporrhais and Anchura.  
 Kollmann (2009) summarized the taxonomy of the Mesozoic Aporrhaidae and illustrated 
their evolutionary phases. He classified Anchura in the new subfamily Anchurinae Kollmann, 
2009.  
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Text-fig. 11. A–F, J – Anchura? sp.; A, C134.15 from Socorro 2, dorsal view (?); B, C37.351 from Cajaíba 7, 
dorsal view; C, C28.11 from Mucuri 10, dorsal view; D, J, C437.2 from Buenos Aires 2; D, dorsal view, J, 
apertural view. E, F, C452.18 from Timbó 4; E, dorsal view; F, apertural view. G, K−L – Piestochilus? 
(Cryptorhytis?) sp.; G, C462.4 from Jardim 9; K, L, C46.2 from São Roque 2; K, dorsal view; L, apertural view. 
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H, I – Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) from Oiteiro 19 (C41.69); H, 
dorsal view; I, apertural view.  
 
 
 
 
Anchura? sp.  
(Text-fig. 11A−F, J) 
 
MATERIAL: Fifty-nine specimens, preserved as external and internal moulds, from the lower 
middle Cenomanian of Magalhães 5 (C363.1), the upper middle or upper Cenomanian of 
Cruzes 3 (C357.10) and Cruzes 8 (C358.7−8, C359.14, 16−18, 33−36, C360.1), the upper 
Cenomanian of Laranjeiras 5 (C301.8), Timbó 7 (C450.10, 19) and Timbó 4 (C452.1, 18−19, 
26−27) and Japaratuba 14 (C618.27), the upper Cenomanian or lower Turonian of Japaratuba 
4 (C109.15), the lower Turonian of Pedra Branca 8 (C262.8), the lower or middle Turonian of 
São Roque 2 (C46.243−244), Muçuca 2 (C58.45), Laranjeiras 21 (C61.5), Pedra Furada 13 
(C73.20−21, 47), Pedra Furada 3 (C94.26), Machado 1 (C97.2), Retiro 16 (C120.114), São 
Roque 6 (C124.35−36, x36, 39), Lombada 1 (C141.13), Machado 8 (C243.2, x2, 3−4), 
General Maynard 1 (C448.16), Buenos Aires 2 (C437.2), Machado 13 (C548.6) and Balde 1 
(C581.26), the middle or upper Turonian of Santa Cruz 8 (C184.34), the upper Turonian of 
Mucuri 10 (C28.11), Cajaíba 7 (C37.351), Socorro 2 (C134.15), Lombada 16 (C138.29), 
Mata 7 (C233.58−59, 66), Mata 9 (C238.36) and Socorro 4 (C488.13) and the upper Turonian 
(possibly lower Coniacian) of Socorro 7 (C3.73), Sergipe Basin, Brazil. 
 
DIMENSIONS of selected specimens of Anchura? sp.: 
Specimen no.  H (mm) W (mm) AA  SS 
C28.11     47   44   -  - 
C37.351    47   -   -  - 
C46.243    35   24   -  - 
C58.45     15   10   -  - 
C134.15   42   -   -  - 
C233.66   19   -   -  - 
C238.36    27   16   -  19° 
C243.2    26   -   -  - 
C243.3    29   14   -  - 
C357.10    12   7   -  - 
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C358.7    13   12   -  - 
C358.8     16   11   -  - 
C359.14   18   -   -  - 
C359.16   20   13   -  - 
C359.17   17   14   -  - 
C359.18   18   14   -  - 
C359.33   14   11   -  - 
C359.35   19   12   -  - 
C359.36    14   19   -  - 
C360.1     13   8   -  - 
C437.2     34   26   -  - 
C452.1    16   16   -  - 
C452.18   17   9   -  - 
C452.19   17   13   -  - 
C452.26   16   12   -  - 
C452.27    14   12   -  - 
C548.6     29   -   -  - 
 
DESCRIPTION: The turreted specimens are small to medium-sized, with up to seven convex 
whorls preserved. The suture is impressed, nearly horizontal, with a subsutural cord. The spire 
is higher than the body whorl. The body whorl appears tuberous and is globular-shaped. 
Ornamentation consists of distinct axial ribs on all whorls (visible only in a few specimens) 
and spiral cords. There is one strong cord in the middle of the body whorl. It appears as 
distinct nodes, forming a chain, which extends to the outer lip, where it bends upwards. A 
subsutural cord also extends to the outer lip. The outer lip is thick, forked and wing-like. 
There is a long, spur-like posterior spine, which curves strongly upwards, towards the distal 
end, reaching until the half of the spire and not connected with it. There are remains of a 
siphonal, pointed canal. 
 
DISCUSSION: Lefranc (1977, in Bengtson 1983, table 3, pp. 44−45) assigned the Sergipe 
specimens partly to Chenopus (Helicaulax) subgibbosus Pervinquière. C. subgibbosus 
Pervinquière, 1912, has a posterior spine, connected to the spire has the distinct cord on the 
body whorl is in the upper third. The determination of these specimens is difficult, because 
the body whorl and the wing-like outer lip are incomplete and the ornamentation is poorly 
preserved. Some specimens could also be assigned to Drepanocheilus or to species, such as 
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Anchura dutrugei. Aporrhais differs in having only spiral cords or nodes, whereas the Sergipe 
specimens have both spiral cords and axial ribs or nodes.  
Anchura (Pugioptera) requieniana (d’Orbigny, 1842) from the Turonian of France 
(Kollmann 2005b), Rostellaria gibbosa Zekeli, 1852, from the Turonian and “Senonian” of 
Austria (Gosau Beds, Zekeli 1852) and Anchura turricula Stephenson, 1953, from the 
Cenomanian of Texas, USA (Stephenson 1953; Akers and Akers 1997), are similar forms, 
particularly in the extended outer lip, the small pointed wing, size and ornamentation, but the 
elongated and pointed canal is not seen in these species and, particularly, the outer lip is not 
forked.  
 Anchura substriata Wade, 1926, from, for example, the Campanian(?) to Maastrichtian of 
Tennessee and Mississippi, USA (Sohl 1960), shows similarities in ornamentation but has a 
spike on the upper outer lip and is, in general, larger. A convexa Wade, 1926, from, for 
example, the Campanian(?) to Maastrichtian of Tennessee, USA (Sohl 1960), has two blunt, 
wing-like digitations on the surface of the outer lip and is smaller. A.? campbelli Stephenson, 
1941, from the Maastrichtian of Texas, USA (Stephenson 1941), has distinct axial ribs and a 
cord below the middle of the body whorl, but lacks the spiral cords. A. whitneyensis 
Stephenson, 1953, from the Cenomanian of Texas, USA (Stephenson 1953), and Helicaulax 
stenoptera Goldfuss, 1844, from, for example, the “upper Senonian” of the Aachener area, 
Germany (Holzapfel 1888), have both a forked outer lip, forming a broadly convex margin, 
but the posterior spine is shorter than in the Sergipe specimens and also connected to the 
spire, the spiral cords are weaker, particularly on the spire, and the spire is more slender and 
pointed. A. halberdopsis Elder and Saul, 1996, from the Campanian of the Pacific slope, USA 
(Elder and Saul 1996), shows the same ornamentation but differs in size and shape of the 
wing-like outer lip. White (1887) described the new species A. infortunata from the Albian of 
Sergipe (redescribed by Maury (1937)), which is similar to one of the specimens described in 
this study (C184.34), but the surface of this specimen is smoother (possibly a preservational 
artefact). Stanton (1894) described A. (Drepanocheilus) ruida White, 1876, from the 
Turonian(?) of Utah, USA, which shows the same ornamentation, but the wing is shaped 
differently and the shell is smaller. Dockery (1993) described A. chapelvillensis from the 
Campanian of Mississippi, USA, which is similar in size and ornamentation, but the shape of 
the wing appears to be different. The wing-like outer lip of the Sergipe specimens is only 
partly preserved, so a definite determination is difficult. Also, the number of spines cannot be 
determined. 
 Helicaulax latealata Riedel, 1933, from the “Emscherian” to the Maastrichtian of 
Cameroon (Riedel 1933) shows similarities in size and shape but the spine is connected to the 
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posterior shell and there are only axial ribs on the body whorl. H. ornatus (d’Orbigny, 1842) 
from the Turonian of France (Kollmann 2005b), also has a forked wing, but the posterior 
spine is much longer and the ribs are thinner and more closely spaced.  
 Aporrhais (Helicaulax) themedensis Abbass, 1963, from the Santonian of Egypt (Abbass 
1963) is similar in size and ornamentation but lacks the distinct cord on the body whorl, 
present in the Sergipe specimens. A. neubaueri (Riedel, 1933) from, for example, the 
Coniacian of Cameroon (Kiel and Bandel 2002) and the “Senonian” of the Congolese coast 
(Dartevelle and Brébion 1956) has the same forked, wing-like outer lip. The cord near the 
suture extends also into a posterior spine, but it is only partly connected to the spire. 
 
 
 
 
Family Tylostomatidae Stoliczka, 1868  
Genus Tylostoma Sharpe, 1849  
 
TYPE SPECIES: Tylostoma globosum Sharpe, 1849, by subsequent designation by Wenz 
(1938).#
 
DIAGNOSIS: Shell ovate to cone-shaped; spire high, pointed; whorls weakly convex; 
smooth, with varicies; body whorl large, rounded, narrow umbilicus; aperture ovate (based on 
Wenz 1938, with modifications). 
 
SYNONYMS: Varigera d’Orbigny, 1850 (Maury 1937; Wenz 1938); Pseudotylostoma 
Ihering, 1903 (Pervinquière 1912). 
 
REMARKS: Maury (1925) and Ayoub-Hannaa and Fürsich (2011) noted that the genus 
Tylostoma from Portugal is referred to the Turonian. 
 According to Maury (1937), Sharpe (1849) established the genus Tylostoma to include 
globose or ovate specimens, similar to Globiconcha d’Orbigny, 1842 and different species of 
Natica Scopoli, 1777, and Phasianella Lamarck, 1804. She noted that Tylostoma is very 
abundant in the Turonian of Portugal, Spain and Syria and that various species often show 
morphological similarities. The difference to the genus Pseudotylostoma Ihering, 1903, is the 
absence of longitudinal varices. 
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 Sharpe (1849) remarked on the relationship of Tylostoma from Portugal to Globiconcha, 
Natica and Phasianella, which all three show the same globose or ovate shape and the 
“moderate elevation” of the spire, but the major difference is the callous inner lip in 
Tylostoma. 
 Pervinquière (1912) argued that the longitudinal varices are a doubtful taxonomic 
character and can also be absent.  
 Akers and Akers (1997) noted that many Tylostoma specimens have been found in Texas. 
They are common and easily identifiable because of the varices. 
 The classification of the genus Tylostoma in the family Naticidae is of uncertain status, 
the related family differs from author to author. Some newer publications classified the genus 
in the family Tylostomatidae Stoliczka, 1868 (Squires and Saul 2004; Bandel 2007).  
 
 
Tylostoma? brasilianum? Maury, 1925  
(Text-fig. 12A–C, D–F, J, K, N, O, Q) 
 
 cf. *1925.   Tylostoma brasilianum, sp. nov; Maury, p. 532, pl. 23, fig. 6 [non 5]. 
 cf.  1964a.  Tylostoma brasilianum Maury; Beurlen, p. 118, pl. 14, fig. 91. 
 cf.   1964.   Tylostoma brasilianum Maury; Penna, p. 77, pl. 1, figs 1−2.  
 cf.   2003.   Tylostoma brasilianum Maury, 1925; Cassab, p. 108, text-figs 53a–c. 
 
MATERIAL: Twenty-three specimens, preserved as internal moulds, from the lower 
Cenomanian of Itaporanga 2–3 (C112x.66−67, 69−70, 129−130, 150) and Itaporanga 3 
(C112, C112.?, 13, 30, 48), the presumed lower Cenomanian of Praia 9 (C339b.10−11), the 
upper middle or upper Cenomanian of Japaratuba 10 (C352.7), Cruzes 8 (C359.3) and Cruzes 
9 (C375.1), the upper Cenomanian of Laranjeiras 5 (C301.10) and Japaratuba 14 (C618.22), 
the lower or middle Turonian of São Roque 2 (C46.246−247) and Laranjeiras 22 (C62.59) 
and the upper Turonian of Oiteiro 19 (C41.8), Sergipe Basin, Brazil. 
 
DIMENSIONS of Tylostoma? brasilianum? Maury, 1925 (AA and SA not measurable): 
Specimen no.  H (mm)  W (mm)  
C41.8    21   -   
C46.246   25   17   
C46.247   -   23   
C62.59    23   16   
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C112    23   18   
C112.?    20   24   
C112.13   26   16   
C112.30   23   21   
C112.48   30   21   
C112x.66   23   19   
C112x.67   23   17   
C112x.69   19   18   
C112x.70   22   17   
C112x.129   -   16   
C112x.130   34   28   
C112x.150   24   18   
C301.10   14   16   
C339b.10   16   20   
C339b.11   22   22   
C352.7    25   24   
C359.3    18   14   
C375.1    26   30   
C618.22   22   23   
 
DESCRIPTION: The medium-sized, globose to ovate specimens have a very short spire with 
mostly four preserved whorls. The suture is channelled and the aperture narrow, semi-circular. 
The surface is smooth, with a small, horizontal ramp and a distinct shoulder. 
 
DISCUSSION: Lefranc (1977, in Bengtson 1983, table 3) identified Voluta (Aulica?) cf. 
cretacea (Coq.), subsequently Voluta (Aulica) cretacea Coquand (Lefranc in Bengtson 1983, 
p. 45) in the material studied here, but V. cretacea (Coquand, 1862) differs in having spiral 
cords and axial ribs; however, the incomplete preservation of the Sergipe material does not 
allow a clear distinction. 
 The specimens differ from Euspira? sp. described above in the less rounded shape and the 
more distinct shoulder. Tylostoma minimum White, 1887, from the Albian of Sergipe (Maury 
1937) differs in lacking a horizontal ramp.  
 Classification of the species brasilianum in Tylostoma is questionable, because of the 
incomplete shell, particularly the lack of the apex and the protoconch. Therefore, generic 
assignment must remain open until new investigations have been made. In this study, two 
78 
 
different forms have been identified, viz., a globular form and a diagenetically deformed (?), 
flat to ovate form.  
 Maury (1925) described Tylostoma brasilianum from the Turonian(?) of Rio Grande do 
Norte, Brazil, and noted that T. globosum White, 1887 [not T. globosum Sharpe, 1849] of 
Sergipe, Brazil, is the same species, but in 1937 she remarked that the Sergipe specimens are 
a different species and T. brasilianum is restricted to the Turonian of the Potiguar Basin. 
T. globosum Sharpe, 1849, from, for example, the Turonian of Tunisia (Pervinquière 1912) 
and the Cenomanian to Turonian of Egypt (Greco, 1916; Ayoub-Hannaa and Fürsich 2011) is 
globose and larger in size. Many characters are similar (globose shape, low spire, smooth 
surface, narrow, semi-circular aperture), so there may be a relationship or synonymy. Maury 
(1925) noted that the type species described by Sharpe is twice as large as her specimen of 
T. brasilianum from the Turonian of the Potiguar Basin, Brazil. 
 Cassab (2003) figured the differences of Tylostoma brasilianum to T. rochai Ihering, 
1907, and T. mauryae Beurlen, 1964a, both from the Turonian (R.C.T. Cassab, personal 
communication) of Rio Grande do Norte, Brazil. T. rochai is more fusiform, the aperture is 
anteriorly expanded and the body whorl occupies three-fourths of the total height. T. mauryae 
is more slender, the aperture is teardrop-shaped and the body whorl occupies two-thirds of the 
total height. 
 
OCCURRENCE: Tylostoma brasilianum Maury, 1925, is known from the undifferentiated 
Upper Cretaceous and the Turonian of Rio Grande do Norte and possibly the Cenomanian and 
Turonian of Sergipe (this study), Brazil. 
 
 
Tylostoma? sp. A 
(Text-fig. 12I, P) 
 
MATERIAL: Three specimens, preserved as internal moulds, from the upper Turonian of 
Cajaíba 7 (C37.612, 614, 623), Sergipe Basin, Brazil. 
 
DIMENSIONS of Tylostoma? sp. A (AA and SA not measurable): 
Specimen no.  H (mm) W (mm)  
C37.614   21   15  
Specimens C37.612 and 623 are not measurable.   
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DESCRIPTION: The medium-sized specimens have three to four preserved, strongly convex, 
smooth whorls. The apex is lacking. Suture is oblique to horizontal and impressed. The body 
whorl is shorter than the spire. Aperture is auriculate. 
 
DISCUSSION: The similarities to Tylostoma elevatum (Shumard, 1853) from, for example, 
the Albian of Texas, USA (Akers and Akers 1997), are the shape and the nearly equal sized 
body whorl and spire. T. elevatum differs in having less convex whorls. Also, other forms 
from the USA are similar but, because of the preservation, specific classification is not 
possible. 
 
 
 
 
 
Text-fig. 12. A–C, D–F, J, K, N, O, Q – Tylostoma? brasilianum? Maury, 1925; A, B, C, C339b.11 from Praia 9; 
A, apertural view; B, dorsal view; C, apical view. D, E, F, C352.7 from Japaratuba 10; D, apertural view; E, 
dorsal view; F, apical view. J, K, N, O, C112.13 from Itaporanga 3; J, apertural view; K, side view; N, apical 
view; O, dorsal view. Q, C112.? from Itaporanga 3; apertural view. I, P – Tylostoma? sp. A from Cajaíba 7 
(C37.614); I, apertural view; P, dorsal view. G–H – Tylostoma? sp. B from Mucuri 15 (C534.4); G, dorsal view; 
H, apertural view. L–M – Tylostoma? sp. C from Mucuri 10 (C29.19); L, dorsal view; M, apertural view. 
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Tylostoma? sp. B 
(Text-fig. 12G, H) 
 
MATERIAL: Two specimens, preserved as internal moulds, from the upper Turonian of Mata 
9 (C238.152) and the upper Turonian (possibly lower Coniacian) of Mucuri 15 (C534.4), 
Sergipe Basin, Brazil. 
 
DIMENSIONS of Tylostoma? sp. B: 
Specimen no.  H (mm) W (mm) AA  SA   
C238.152   72   34   -  30°   
C534.4    59   35   -  27°   
 
DESCRIPTION: The medium-sized, turbiniform and slender specimens have up to six 
preserved whorls, but the apex is lacking. The surface is smooth. Body whorl occupies c. 60 
% of the total height. The suture is nearly horizontal and impressed. Aperture is subovate to 
teardrop-shaped. 
 
DISCUSSION: The similarities to Tylostoma kentense Stanton, 1947, from, for example, the 
Cenomanian of Texas, USA (Akers and Akers 1997), are based on size and shape, but the 
body whorl occupies half of the total height, whereas in the Sergipe specimens it amounts to 
60 % of the total height. However, other forms from the USA are similar but, because of the 
preservation, specific classification is not possible.  
 
 
Tylostoma? sp. C 
(Text-fig. 12L, M) 
 
MATERIAL: One specimen, preserved as internal mould, from the upper Turonian of Mucuri 
10 (C29.19), Sergipe Basin, Brazil. 
 
DIMENSIONS of Tylostoma? sp. C: 
Specimen no.  H (mm) W (mm) AA  SA   
C29.19    68   40   -  30°   
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DESCRIPTION: The medium-sized, turbiniform and slender specimen has smooth, convex 
whorls. The oblique suture is slightly impressed. Aperture is nearly teardrop-shaped to 
auriculate and spans more than half of the complete height.  
 
DISCUSSION: The specimen is similar to T. tumidum (Shumard, 1853) from, for example, 
the Albian of Texas, USA (Akers and Akers 1997), particularly in size and shape. However, 
the aperture of T. tumidum is distinctly teardrop-shaped, and the suture is nearly horizontal. 
 
 
 
 
Informal group Ptenoglossa Gray, 1853 
Family Epitoniidae Berry, 1910  
Genus Acirsa Mörch, 1857  
 
TYPE SPECIES: Scalaria eschrichti Holbøll in Møller, 1842, by subsequent designation by 
Bouchet and Warén (1986). 
 
SYNONYMS: Hemiacirsa Boury, 1890; Plesioacirsa Boury, 1909; Pseudacirsa Kobelt, 1903 
(Bouchet and Warén 1986). 
 
DIAGNOSIS: Thick-shelled, high spired shell; ornamentation with broad axial ribs and 
incised spiral grooves (based on Dockery 1993, with modifications). 
 
REMARKS: The former “Order” Ptenoglossa is today accepted as an informal group within 
the Caenogastropoda (Scuderi and Criscione 2011).  
 
 
Acirsa? sp. 
(Text-fig. 13A) 
 
MATERIAL: One specimen, preserved as internal mould, from the lower or middle Turonian 
of Alto Verde 5 (C58.21), Sergipe Basin, Brazil. 
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DIMENSIONS of Acirsa? sp. (AA and SA not measurable): 
Specimen no.  H (mm) W (mm)  
C58.21    12   7   
 
DESCRIPTION: The small specimen is turreted, but only the last three whorls are preserved. 
The flat-sided whorls are ornamented with numerous axial ribs. The suture is appressed and 
weakly oblique. The anterior canal is short, and the shape of the aperture appears semi-
circular, but is not completely preserved. 
 
 
Genus Epitonium Röding, 1798  
 
TYPE SPECIES: Turbo scalaris Linnaeus, 1798 (= Scalaria pretiosa Lamarck, 1801 (Shimer 
and Shrock 1959; Akers and Akers 1997)), by subsequent designation by Suter (1913). 
 
DIAGNOSIS: High spired, multi-spiral, turreted shell; protoconch smooth; teleconch with 
convex whorls, with axial ribs and varices; aperture circular; suture deep (based on Shimer 
and Shrock 1959; Dockery 1993, with modifications).  
 
SYNONYMS: Scala Klein, 1753 (Maury 1937); Scalaria Lamarck, 1801 (Wenz 1938; Suter 
1913; Shimer and Shrock 1959); Scala Bruguière, 1792 (Wenz 1938; Shimer and Shrock 
1959); Cyclostoma Lamarck, 1799; Aciona Leach, 1815 (Wenz 1938; Suter 1913); Scalarius 
Montfort, 1810 (Wenz 1938); Scalatarius Duméril, 1806 (Suter 1913). 
 
 
Epitonium? sp. A 
(Text-fig. 13B) 
 
MATERIAL: One specimen, preserved as internal mould, from the upper middle Cenomanian 
of Cruzes 11 (C361.33), Sergipe Basin, Brazil. 
 
DIMENSIONS of Epitonium? sp. A (AA and SA not measurable): 
Specimen no.  H (mm) W (mm)  
C361.33   6   -   
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DESCRIPTION: The small specimen is turreted. The four preserved, weakly angular whorls 
show spiral cords, four are dominant and between them there are finer ones. The whorls show 
a a little ramp and a weak shoulder. The axial ribs are as strong as the spiral cords. The deep 
suture is nearly horizontal.  
 
DISCUSSION: The specimen shows many similarities to Epitonium texanum (Roemer, 1852) 
from, for example, the Coniacian of Texas, USA (Akers and Akers 1997), but the whorls of 
the Sergipe specimen are more angular and have a weak shoulder.  
 Opalia (Crassiscala) riachuelanum (Maury, 1937) from the Albian of Sergipe, Brazil 
(Maury 1937), and the Aptian(?) to Albian of California, USA (e.g., Allison 1955), is similar 
in its axial and spiral cords, but the shoulder is lacking, and the suture is more oblique. 
 
 
Epitonium? sp. B 
(Text-fig. 13C, D) 
 
MATERIAL: Two specimens, preserved as internal moulds, from the upper Cenomanian of 
Timbó 4 (C452.15) and the lower or middle Turonian of Alto Verde 5 (C58.20), Sergipe 
Basin, Brazil. 
 
DIMENSIONS of Epitonium? sp. B (AA and SA not measurable): 
Specimen no.  H (mm)  W (mm) 
C58.20    12   - 
C452.20   10   8 
 
DESCRIPTION: The small specimens have four convex whorls, rapidly increasing in size. 
The heterogeneous surface consists of distinct axial ribs. The suture is deeply impressed and 
the aperture is circular to ovate.  
 
DISCUSSION: Classification is difficult; only the shell shape and the axial ribs and the size 
indicate affinity with the genus Epitonium. 
 There are similarities to Epitonium austinense Stanton, 1947, from, for example, the 
Albian of Texas, USA (Akers and Akers 1997). In particular, the size and the number of 
whorls are equal, but the axial ribs in E. austinense are broader. E. stellanum Stephenson, 
1953, from, for example, the Cenomanian of Texas, USA (Akers and Akers 1997), is larger, 
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has more whorls and is higher turreted. The suture is appressed to impressed. The most 
similarities are shared with E. pyrene (White, 1887) from, for example, the Albian(?) of 
Sergipe, Brazil (Maury 1937). The species is small, has four whorls with axial ribs, 
particularly on the body whorl. Maury (1937) noted that the difference between E. pyrene and 
E. riachuelanum is the short, broad form and the absence of spiral ornamentation in E. pyrene. 
The specimen described by White (1887) has seven or more whorls, but the figured specimen 
only shows four. He discussed the difficult classification, because he had only one single, 
imperfect specimen and noted that both apex and aperture were missing. The specimen was 
refigured by Maury (1937).  
 
 
 
 
 
Text-fig. 13. A – Acirsa? sp. from Alto Verde 5 (C58.21); apertural view. B – Epitonium? sp. A from Cruzes 11 
(C361.33). C–D – Epitonium? sp. B from Timbó 4 (C452.15); C, dorsal view; D, apertural view.  
 
 
 
 
Order Neogastropoda Wenz, 1938  
Family Fasciolariidae Gray, 1853  
Genus Fasciolaria Lamarck, 1799  
 
 
TYPE SPECIES: Murex tulipa Linnaeus, 1758, by monotypy. 
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DIAGNOSIS: Shell round-bodied fusiform; protoconch and first whorls fusoid; spire 
moderately high, cone shaped; whorls with sharp angulation, flat shouldered or rounded; 
ornamentation smooth or with tubercular ribs and cords, body whorl with moderately long, 
arcuate neck; aperture elongated, oval, with moderately long, open, weakly convex canal; 
outer lip defined, inside crenated; operculum below pointed, with terminal nucleus; columella 
with two or three, small, oblique folds (based on Wenz 1938; Shimer and Shrock 1959, with 
modifications). 
 
REMARKS: For distinction of Fasciolaria from other genera, chiefly the shape is the major 
criterion. The here described taxa differs to Fusinus Rafinesque, 1815, and Fasciolaria in the 
shell shape, where Fusinus is slender fusiform and Fasciolaria round-bodied fusiform. 
 
 
Fasciolaria? sp.  
(Text-fig. 14A, B, H) 
 
MATERIAL: Two specimens, preserved as internal moulds, from the upper Turonian of 
Cajaíba 7 (C37.624) and the upper Turonian or lower Coniacian of Mucuri 7 (C26.116), 
Sergipe Basin, Brazil. 
 
DIMENSIONS of Fasciolaria? sp.: 
 Specimen no.  H (mm) W (mm) AA  SA 
C26.116   82   43   -  30° 
C37.624   60   -   -  - 
 
DESCRIPTION: The fusiform specimens are medium-sized, with four preserved whorls. The 
whorls have a weak ramp and shoulder. The suture is channelled but only clearly visible in 
one specimen (C37.624). The aperture is broken or imbedded but appears to be long and oval 
and is extended anteriorly into a canal.  
 
DISCUSSION: Fasciolaria safrensis Abbass, 1963, from the Cenomanian of Egypt (Abbass 
1963) shows similarities in size and shape, but differs in having strong axial ridges on the 
surface. F. lastroensis Maury, 1937, from the Albian of Sergipe, Brazil (Maury 1937), shows 
similarities in size and shape, but the body whorl, directly below the suture, shows a nearly 
horizontal ramp and shoulder, changing after one-third whorl to distinctly convex. The whorls 
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of the Sergipe specimens described here have a weaker ramp and shoulder. Maury’s figured 
specimen is incomplete and the description too short for a detailed comparison. 
 Andrade and Felix (2012) described Fasciolaria? sp. from the Turonian of Sergipe, 
Brazil, which is similar to the specimens described in this study. 
 
 
 
 
Family Muricidae Rafinesque, 1815  
Genus Trophon Montfort, 1810  
 
TYPE SPECIES: Murex magellanicus Gmelin, 1791 (= Buccinum geversianus Pallas, 1774 
(Wenz 1938)), by original designation. 
 
DIAGNOSIS: Shell ovate to spindle-shaped; whorls convex or angular, surface with angular 
spiral cords and varices; aperture circular to ovate, with short, posterior canal; operculum with 
off-centred nucleus (based on Wenz 1938, with modifications). 
 
SYNONYMS: Trophonopsis Bucquoy et al., 1882 (Bouchet and Warén 1985); Polyplex 
Perry, 1811; Muricidea Swainson, 1840 (Griffin and Pastorino 2005); Muricidea Swainson, 
1840 (Wenz 1938); Boreotrophon Fischer, 1884; Pagodalu Monterosato, 1884; Pinon De 
Gregorio, 1885; Chalmon De Gregorio, 1885 (Bouchet and Warén 1985). 
 
REMARKS: Bouchet and Warén (1985) noted that the ornamentation of Trophon species is 
highly variable. 
 Griffin and Pastorino (2005) discussed the large number of fossil and Recent species that 
have been described and the often unnoticed high intraspecific variation. Fossil species have 
often been identified on the basis of poorly preserved specimens and so the classification is 
doubtful. 
 
 
Trophon? progne? White, 1887  
(Text-fig. 14C, F, I) 
 
 cf.  *1887.  Trophon progne (sp. nov.); White, p. 139, pl. 11, fig. 14. 
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MATERIAL: Seven specimens, preserved as internal moulds, from the upper Turonian of 
Cajaíba 7 (C37.244, 615) and Oiteiro 19 (C41.86−87, 126, 129, 105), Sergipe Basin, Brazil. 
 
DIMENSIONS of Trophon? progne? White, 1887 (AA and SA not measurable): 
Specimen no.  H (mm) W (mm)  
C37.244   43   35 
C37.615   48   - 
C41.86    63   48 
C41.87    53   - 
C41.126   53   - 
C41.129   69   - 
C41.105   83   59 
 
DESCRIPTION: The medium-sized specimens are fusiform, with a short spire. Up to five 
convex whorls are preserved, with a round ramp and a distinct, noded shoulder and the 
surface of the body whorl shows spiral cords. The suture is deeply channelled. The anterior 
canal is short and weakly curved. 
 
DISCUSSION: Turbo? (Marmarostoma?) sp. (described above) differs in having a higher 
spire and a more distinct body whorl. 
 
OCCURRENCE: Trophon progne White, 1887, is known from the undifferentiated 
Cretaceous of Pernambuco and possibly the Turonian of Sergipe (this study), Brazil.  
 
 
 
 
Family Volutodermidae Pilsbry and Olsson, 1954  
Genus Volutilithes Swainson, 1829  
 
TYPE SPECIES: Voluta muricina Lamarck, 1802, by subsequent designation by Dall (1906). 
 
DIAGNOSIS: Medium-sized to large, slender and fusiform shell, with high spire; convex 
whorls; ornamentation consisting of convex axial costae or ribs, often enlarged in short spines 
or nodes on the shoulder of the later whorls, with fine spiral lirae; protoconch with cylindrical 
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whorls and a pointed nucleus; body whorl elongate oval with a moderartely long, broad neck; 
aperture high, moderately broad, angular; outer lip nearly straight; prominent anterior 
columellar fold and three to four weaker folds, deep within the shell (based on Wenz 1938; 
Givens 1978, with modifications). 
 
SYNONYMS: Eopsephaea Fischer, 1883; Eopsephia Harris, 1897 (Wenz 1938). 
 
REMARKS: Stoliczka (1868) differed Volutilithes of other Volutinae in an existing extended, 
notched, anterior canal. He noted that Volutilithes is related to Fulguraria [misspelling of 
Fulgoraria Schumacher, 1817; p. 242]. The latter one has a peculiar formed inner lip. The 
differences between Volutilithes and Fasciolaria are based in the short spire and the 
moderatly extended canal in the latter one. He noted that the genus was established for Recent 
and fossil forms which have the same “granular or spinulose and reticulated markings of the 
shell surface”. 
 
 
Volutilithes? sp.  
(Text-fig. 14D, E, G) 
 
MATERIAL: Five specimens, preserved as external and internal moulds, from the upper 
middle or upper Cenomanian of Cruzes 3 (C357.20), the upper Cenomanian of Timbó 4 
(C452.35) and the lower or middle Turonian of Pedra Furada 15 (C89.16), Ribeira 12 
(C317.11) and Boa Sorte 5 (C327.8), Sergipe Basin, Brazil. 
 
DIMENSIONS of selected specimens of Volutilithes? sp. (AA and SA not measurable):  
Specimen no.  H (mm) W (mm)  
C327.8    14   - 
C357.20   10   7 
C452.35   14   9 
 
DESCRIPTION: Small, fusiform specimens with a high spire. The suture is impressed. Up to 
three convex whorls are preserved. The surface of the moulds shows up to twelve fine axial 
ribs, vanishing half way across the body whorl.  
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DISCUSSION: The specimens are similar to Piestochilus? (Cryptorhytis?) sp. described 
above but smaller, the axial ribs are thinner and not s-shaped.  
 Holzapfel (1888) described Volutilithes briarti from the “lower Senonian” of the Aachen 
area, Germany, which shows many similarities to the Sergipe specimens (shape, axial ribs), 
but differs in having a more inclined suture. V. (Paleopsephaea) sulcata (Riedel, 1933) from 
the “Emscherian” to Maastrichtian of Cameroon (Riedel 1933), shows many similarities in 
shape and ornamentation, but the Sergipe specimens lack spiral cords on the body whorl. 
Dartevelle and Brébion (1956) reported V. (Palaeopsephaea) scalaris (Rennie, 1930) from the 
Turonian of Gabon, but their specimen is larger and in the existing dominant, broad axial ribs, 
in contrast to the Sergipe specimens, which have only fine axial ribs. V. austinensis Whitney, 
1911, from, for example, the Albian and Cenomanian of Texas, USA (Akers and Akers 
1997), is similar in size and shape and shows the same axial ribs, but the state of preservation 
does not allow a closer comparison. Smettan (1997) described Volutilithes sp. from the 
Cenomanian of the German Alps, which differs from the Sergipe specimens in having axial 
ribs over the whole whorl, including a ramp, nodes on the shoulder and in being larger. 
 Parvivoluta? venusta Stephenson, 1953, from, for example, the Cenomanian of Texas, 
USA (Akers and Akers 1997), shows many similarities, such as the shape and the axial 
ornamentation, but is smaller. The Sergipe specimens lack (preserved?) spiral lirae or faint 
cords. P. concinna Wade, 1926, from the undifferentiated Upper Cretaceous of Tennessee, 
USA (Wade 1926), shows similarities in size and shape and has the same shaped axial ribs, 
but the spiral lirae are not seen in the Sergipe specimens (preservation?).  
 
 
Genus Volutomorpha Gabb, 1877  
 
TYPE SPECIES: Volutilithes conradi Gabb, 1860, by original designation. 
 
DIAGNOSIS: Large, elongate, subfusiform shell, with a low to moderately high spire; surface 
glazed by callus; suture indistinct, because of a covering welt of callus; whorls constricted 
posteriorly and frequently shouldered, sides broadly rounded, tapering smoothly anteriorly; 
ornamentation of spiral cords and strong transverse ribs that frequently are suppressed on the 
body whorl of larger specimens; growth lines sinused posteriorly; aperture elongate, 
proportionately narrow, deeply notched posteriorly; siphonal canal broad, proportionately 
short, terminating in a broad shallow siphonal notch (based on Sohl 1964b, with 
modifications). 
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SYNONYMS: Ptychosyca Gabb, 1877 (Wenz 1938). 
 
 
 
 
 
Text-fig. 14. A–B, H – Fasciolaria? sp. from Mucuri 7 (C26.116); A, dorsal view; B, apertural view; H, 
Fasciolaria? sp. from Cajaíba 7 (C37.624). C, F, I – Trophon? progne? White, 1887; C, C37.244 from Cajaíba 
7; apertural view; F, I, C41.105 from Oiteiro 19; F, apertural view; I, dorsal view. D–E, G – Volutilithes? sp.; D, 
E, C452.35 from Timbó 4; D, dorsal view; E, apertural view; G, C327.8 from Boa Sorte 5. 
 
REMARKS: Sohl (1964b) noted the problems with the type species, because the holotype is 
an internal mould of uncertain origin. He remarked on the close relationship to Volutoderma 
Gabb, 1877, and distinguished the latter genus on account of its poorly developed transverse 
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ornamentation, the lack of shouldered whorls, a not fully glazed shell and the presence of 
three or more columellar folds, whereas the holotype has one highly oblique, strong fold. He 
separated the genus Longoconcha Stephenson, 1941, from Volutomorpha, the former being 
much slender, without surface glaze and having three or more oblique columellar folds. He 
restricted Volutomorpha to the Upper Cretaceous of the Gulf and Atlantic Coastal plains, but 
one species, V.? mungoensis Reyment, 1955, occurs in Africa. The curved canal and the 
ornamentation of other described species from Africa indicate an assignment to Deussenia 
Stephenson, 1941, or Tryonella Stephenson, 1951. 
 
 
Volutomorpha? aspera? Dall, 1907  
(Text-fig. 15A, B, E, J) 
 
 cf. *1907.   Volutomorpha aspera Dall, n. sp.; Dall, p. 17, text-fig. 5. 
 cf.   1926.   Volutomorpha aspera Dall; Wade, p. 113, pl. 37, figs 1, 9. 
 cf.   1933.   Volutomorpha aspera Dall; Riedel, p. 114, pl. 22, fig. 11. 
 cf.  1941.  Volutomorpha? sp.; Stephenson, p. 356, pl. 69, fig. 16. 
 cf.  1956.   Volutomorpha cf. aspera Dall; Dartevelle and Brébion, p. 89, pl. 7, fig. 6. 
 cf.   1964b.  “Volutomorpha” aspera Dall; Sohl, p. 257, pl. 41, figs 3−4, 6, pl. 42,  
      figs 11, 14. 
 cf.   1997.   Volutomorpha? aspera Dall, 1907; Akers and Akers, p. 207, text-fig. 216. 
 
MATERIAL: Seventeen specimens, preserved as internal moulds (chiefly, the body whorls), 
from the lower middle Cenomanian of Cruzes 10 (C446.1), the upper middle Cenomanian of 
Cruzes 11 (C361.37, 104), Jardim 7 (C458.2) and Jardim 24 (C469.29), the upper 
Cenomanian of Timbó 7 (C450.13), the lower or middle Turonian of Pedra Furada 4 
(C95.35), Machado 5 (C246.3) and General Maynard 1 (C448.14), the upper Turonian of 
Oiteiro 28 (C15.28, 34), Cajaíba 7 (C37.628), Oiteiro 19 (C41.84−85) and Socorro 4 
(C488.10), the upper Turonian (possibly lower Coniacian) of Socorro 11 (C36.5) and the 
upper Turonian or lower Coniacian of Mucuri 7 (C26.130), Sergipe Basin, Brazil.  
 
 
92 
 
 
Text-fig. 15. A–B, E, J – Volutomorpha? aspera? Dall, 1907; A, B, C446.1 from Cruzes 10; A, apertural view; 
B, dorsal view; E, C26.130 from Mucuri 7; J, C15.28 from Oiteiro 28. C–D, F, H – Volutomorpha? sp. B from 
Cajaíba 7 (C37.249); C, apertural view; D, dorsal view; H, F, C37.342 from Cajaíba 7; H, apertural view; F, 
dorsal view. G, I – Volutomorpha? sp. A; G, C37.606 from Cajaíba 7; I, C37.607 from Cajaíba 7; apertural view.  
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DIMENSIONS of selected specimens of Volutomorpha? aspera? Dall, 1907: 
Specimen no.  H (mm) W (mm) AA  SA 
C15.28    73   -   -  - 
C15.34     40   21   -  - 
C37.628    52   -   -  - 
C41.84    39   -   -  - 
C41.85     47   -   -  - 
C361.104    64   -   -  - 
C446.1     74   28   -  24°  
C458.2     33   -   -  - 
C469.29    25   -   -  - 
 
DESCRIPTION: The fusiform specimens are medium-sized, with a convex body whorl and 
an oblique ramp, which merges into an angular shoulder. Ornamentation of the body whorl 
consists of narrow, widely separated axial ribs, strongest at shoulder and vanishing at the 
middle of the whorl. In addition, there are fine spiral cords with narrow interspaces. The 
suture is appressed, partly obscured. The preserved part of the aperture appears to be ovate. 
 
DISCUSSION: Lefranc (1977, in Bengtson, table 3) assigned the Sergipe specimens partly to 
Mesorhytis cf. gasparini (d’Orb.), subsequently to Mesorhytis cf. renauxianus (d’Orbigny) 
(Lefranc in Bengtson 1983, p. 45). M. gasparini (d’Orbigny, 1842) and M. renauxianus 
(d’Orbigny, 1842) differs from V. aspera in having axial ribs over the whole body whorl. 
Lefranc (1977, in Bengtson 1983, table 3) identified Voluta (Rostellites) cf. elongata (d'Orb.) 
in the material studied here, but V. elongata (d’Orbigny, 1842) differs from V. aspera in 
having less spiral cords on the body whorl and V. elongata is more slender. 
 Stephenson (1941) described various Volutomorpha? sp. from the Maastrichtian of Texas, 
USA, and compared one (p. 356, pl. 69, fig. 16) to V. aspera. His specimen shows the same 
angular shoulder and the same ornamentation as the Sergipe specimens, particularly the strong 
axial ribs, but they extend over the whole body whorl. Sohl (1964b) noted that the generic 
assignment of V. aspera is questionable and described his specimens as “Volutomorpha”. He 
assigned the species with reservation, because the holotype of the type locality (Owl Creek 
Formation, Tippah County, Mississippi, USA) is incomplete. Only the last two whorls are 
preserved and the specimen shows remains of the surface. V. splendida Sohl, 1964a, from the 
Campanian of Mississippi, USA (Sohl 1964a), is similar in shape and size and shows the 
same ornamentation but differs in having a more distinct, angular shoulder. V.? mungoensis 
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Reyment, 1955, from the “Senonian” of the Congolese coast (Dartevelle and Brébion 1956) 
and the Coniacian of Nigeria (Reyment 1955) lacks the strong axial ribs on the angular 
shoulder. V. horrida Riedel, 1933, and V. similis Riedel, 1933, from, for example, the 
“Senonian” of the Congolese coast (Dartevelle and Brébion 1956) and the “Emscherian” to 
Maastrichtian of Cameroon (Riedel 1933), have both a similar ornamentation and a 
comparable ramp. V. horrida has weaker axial ribs and V. similis shows axial ribs on the body 
whorl which do not vanish in the middle of the whorl. Riedel (1933) figured a specimen of 
V. aspera, which lacks the strong axial ribs on the shoulder, vanishing on the body whorl, and 
the oblique ramp is not clearly developed. V. gigantea Wade, 1926, and V. mutabilis Wade, 
1926, from, for example, the Campanian(?) to Maastrichtian of Tennessee, USA (Sohl 
1964b), both have a shorter spire than the Sergipe specimens. V. valida Sohl, 1964b, from the 
Campanian(?) to Maastrichtian of Mississippi, USA (Sohl 1964b), is larger, the shoulder is 
only found on the spire and the body whorl is more rounded. There is a distinct, oblique ramp 
visible, but the strong axial ribs are lacking.  
 
OCCURRENCE: Volutomorpha aspera Dall, 1907, is known from the undifferentiated Upper 
Cretaceous of Cameroon, the Santonian of Gabon, the undifferentiated Upper Cretaceous, the 
Campanian(?) to Maastrichtian of Mississippi and Tennessee and the Maastrichtian of Texas, 
USA, and possibly from the Cenomanian, Turonian and Turonian or lower Coniacian of 
Sergipe, Brazil (this study).  
 
 
Volutomorpha? sp. A 
(Text-fig. 15G, I) 
 
MATERIAL: Eleven specimens, preserved as internal moulds, from the lower or middle 
Turonian of Pedra Furada 3 (C94.31) and the upper Turonian of Cajaíba 7 (C37.54, 250−253, 
341, 606−607, 609) and Oiteiro 19 (C41.71), Sergipe Basin, Brazil. 
 
DIMENSIONS of Volutomorpha? sp. A (AA and SA not measurable): 
Specimen no.  H (mm) W (mm)  
C37.54    75   - 
C37.250   80   - 
C37.251   56   - 
C37.252   48   - 
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C37.253   59   - 
C37.341   115   - 
C37.606   66   - 
C37.607   110   - 
C37.609   33   - 
C41.71     77   - 
C94.31    48   - 
 
DESCRIPTION: The fusiform specimens are medium-sized to large. The spire is slender and 
elongate. Only one specimen is nearly complete, with five whorls. The suture is appressed to 
impressed. The aperture is not preserved. The surface is smooth, and the angular whorls have 
rounded shoulders, without any ornamentation. 
 
DISCUSSION: The specimens differ from Volutomorpha? aspera? described above in 
lacking a shoulder and in the smooth surface. V. conradi (Gabb, 1860) from, for example, the 
Campanian of Texas, USA (Elder 1996), shows similarities in size, shape and the smooth 
surface and differs in being less slender and having more convex whorls. V. turricula Dall, 
1907, from the undifferentiated Upper Cretaceous of Mississippi, USA (Dall 1907), is similar 
in size and the figured internal mould shows the same smooth surface, suture and shape. 
However, Dall found only parts and so the classification and comparison is difficult.  
 The genus Longoconcha Stephenson, 1941, shows strong morphological similarities to 
the Sergipe specimens. Sohl (1964b) described Longoconcha spp. from the Campanian(?) to 
Maastrichtian of Mississippi, USA. The shape, size and smooth surface of the internal moulds 
are nearly identical, but Longoconcha differs in being more slender and in having a distinct, 
angular shoulder. 
 
 
Volutomorpha? sp. B 
(Text-fig. 15C, D, F, H) 
 
MATERIAL: Five specimens, preserved as internal moulds (mostly, only the body whorls), 
from the upper Turonian of Cajaíba 7 (C37.249, 342, 345−346, 625), Sergipe Basin, Brazil. 
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DIMENSIONS of selected specimens of Volutomorpha? sp. B (AA and SA not measurable):  
Specimen no.  H (mm) W (mm) AA  SA 
C37.249   50   30   -  25° 
C37.346   46   -   -  - 
 
DESCRIPTION: The fusiform specimens are medium-sized. The body whorl is convex and 
weakly shouldered. The suture is appressed. The surface is nearly smooth.  
 
DISCUSSION: Volutomorpha? sp. B differs from Volutomorpha? sp. A described above in 
having a weaker shoulder and a nearly smooth surface. It is possible that the specimens 
belong to V. aspera described above and the identification is a preservation problem as the 
specimens are partly deformed. The taxa are found at the same locality, but all are incomplete 
and only internal moulds are preserved.  
 
 
 
 
Family Pyropsidae Stephenson, 1941  
Genus Pyropsis Conrad, 1860  
 
TYPE SPECIES: Tudicla (Pyropsis) perlata Conrad, 1860, by monotypy. 
 
DIAGNOSIS: Medium-sized to large shell, subpyriform, low to very low spired, strongly 
constricted anteriorly, with a long, tapering, siphonal canal; whorls peripherally expanded, 
shouldered, spire smooth, pyriform; protoconch round-topped, with two whorls, slightly 
raised above plane of volution of teleconch; ornamentation dominated by noded to spinose 
spiral cords and orthocline to mildly prosocline growth lines; aperture thickened within, inner 
lip heavily callused; columella smooth, except for a broad weak to strong swelling above the 
siphonal canal, leaving an umbilical chink at the upper edge of the columellar lip (based on 
Sohl 1964b; Erickson 1974, with modifications).  
 
SYNONYMS: Medionapus Stephenson, 1941 (Sohl 1964b); Perissolax Gabb, 1861; 
Heteroterma(?) Gabb, 1869; Apiotropis Meek, 1876; Piropsis Fischer, 1884 (Wenz 1938). 
 
 97 
 
REMARKS: Sohl (1964b) noted the troubled history of the genus Pyropsis. He discussed the 
large number of species assigned to the genus and that most species are incompletely known, 
because the classification is based only on internal moulds. Sohl listed the species assigned to 
the genus but based on incomplete internal moulds, species that need to be reassigned and 
species that belong in the genus. Additionally, he noted some species from the Upper 
Cretaceous of southern India (Stoliczka 1868), internal moulds from the Cretaceous of the 
Aachen area, Germany, and one species from Patagonia and Seymour Island, Antarctica, 
which may belong in Pyropsis. 
 Erickson (1974) remarked on the heterogenous views about synonyms as a result of the 
poor definition of the genus and related genera. Squires (2011) reported in detail the 
differences to similar genera, for example, Tudicla Röding, 1798; Heteroterma Gabb, 1869; 
Trochifusus Gabb, 1877, and Napulus Stephenson, 1941. 
 The introduction of the family Pyropsidae Stephenson, 1941, was discussed in detail by 
Squires (2011).  
 
 
Pyropsis? sp.  
(Text-fig. 16A−H ) 
 
MATERIAL: Eight specimens, preserved as internal moulds, from the upper middle or upper 
Cenomanian of Cruzes 8 (C359.75), the upper Cenomanian or lower Turonian of Cruzes 17 
(C376.16) and the upper Turonian of Cajaíba 7 (C37.254−255, 272, 348, 594) and Oiteiro 19 
(C41.63), Sergipe Basin, Brazil. 
 
DIMENSIONS of selected specimens of Pyropsis? sp. (AA and SA not measurable):  
Specimen no.  H (mm) W (mm)  
C37.254   24   33 
C37.594    24   25 
C41.63     19   39 
C359.75    4   6 
C376.16    8   8 
 
DESCRIPTION: Small to medium-sized, subpyriform specimens with broad, weakly oblique 
ramp and very low spire with a nearly centred apex. The body whorl has two distinct keels. 
The suture is deeply impressed to channelled. The siphonal canal is incomplete.  
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DISCUSSION: Pyropsis proxima Wade, 1926, from, for example, the Campanian(?) to 
Maastrichtian of Tennessee, USA (Sohl 1964b), is similar to the Sergipe specimens in having 
a low spire and a distinct keel but differs in having a nearly depressed spire and a horizontal 
ramp. P. coloradoensis Stanton, 1894, from the Turonian(?) of Colorado and possibly Utah, 
USA (Stanton 1894), shows the same shape, but is larger.  
 Tudicla monheimi (Müller, 1851) from, for example, the “lower Senonian” of the Aachen 
area, Germany (Holzapfel 1888), shows similarities in shape, size and in having two keels, 
but the spire is higher.  
 
 
 
 
 
Text-fig. 16. A–H – Pyropsis? sp.; A, B, C, C37.254 from Cajaíba 7; A, apertural view; B, dorsal view; C, apical 
view; D, E, C37.594 from Cajaíba 7; D, apical view; E, apertural view, G, dorsal view; F, G, H, C41.63 from 
Cajaíba 7; F, apical view; G, dorsal view; H, apertural view.  
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Subclass Heterobranchia Gray, 1840  
Order Allogastropoda Haszprunar, 1985  
Family Nerineidae Zittel, 1873  
Genus Nerinea Deshayes, 1827  
 
TYPE SPECIES: Nerinea mosae Deshayes, 1827, by monotypy. #
DIAGNOSIS: Shell large, turritelloid, cylindric to cone-shaped, with numerous flat to 
concave whorls; suture raised, below limited by a narrow band, partly with nodular spiral 
cords; body whorl moderately high; aperture circular to rhombic, with short anterior canal 
notch (Wenz 1938). 
 
Synonyms: Nerina Deshayes, 1827; Nerinaea Deshayes, 1832 (Wenz 1938). 
 
REMARKS: Zittel (1873) gave Defrance as author of the genus Nerinea in 1825 
(Dictionnaire des Sciences naturelles) and summarized the early history of the genus. 
Kollmann (2006) remarked on the taxonomic confusion of the genus. He noted Cossmann 
(1896, p. 25) who defined, out of Defrance’s specimens, the type species. Defrance’s 
description was not in accordance with the International Code of Zoological Nomenclature 
and so is invalid. According to Maury (1937), Nerinea is an abundant gastropod in the 
Cretaceous of the Middle East and in the Mesozoic of Europe.  
Ayoub-Hannaa and Fürsich (2011) noted the problematic classification of nerineids. The 
most important taxonomic character is the internal shell structure, which is formed from the 
columellar inner folds and the outer lip of the aperture, whereas shape and ornamentation is 
very variable.  
 
 
Nerinea? riachuelana? Maury, 1937  
(Text-fig. 17E, F) 
 
 cf.  *1937.   Nerinea riachuelana, sp. nov.; Maury, p. 215, pl. 12, fig. 14. 
 
MATERIAL: Two specimens, preserved as internal moulds, from the upper Turonian of 
Cajaíba 7 (C37.593) and the upper Turonian (possibly lower Coniacian) of Oiteiro 8 
(C110.1), Sergipe Basin, Brazil. 
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DIMENSIONS of Nerinea? riachuelana? Maury, 1937 (AA and SA not measurable):  
Specimen no.  H (mm) W (mm)  
C37.593    42   - 
C110.1    42   - 
 
DESCRIPTION: The specimens are medium-sized, elongate and turreted. The whorls are 
smooth, convex with a weak edge in the middle of the body whorl. The suture is distinct. The 
aperture is not preserved. 
 
DISCUSSION: Maury (1937) described only a very small fragment (10 mm high). She 
compared her specimen to Nerinea (Gonzagia) brasiliana Maury, 1925, from the Turonian of 
Rio Grande do Norte, Brazil, but she noted that columellar folds of her Sergipe specimen are 
unknown and the clear comparision is hampered.  
The classification of the species described here is questionable, because only 
ornamentation and shape indicates the assignment to Nerinea. 
 
OCCURRENCE: Nerinea riachuelana Maury, 1937, is known from the Albian(?) and 
possibly also the upper Turonian and upper Turonian (possibly lower Coniacian) (this study) 
of Sergipe, Brazil.  
 
 
Nerinea sp. 
(Text-fig. 17A−D) 
 
MATERIAL: One specimen, preserved as internal mould, from the lower Cenomanian of 
Itaporanga 2−3 (C112x.4), Sergipe Basin, Brazil. 
 
DIMENSIONS of Nerinea sp. (AA and SA not measurable): 
Specimen no.  H (mm) W (mm)  
C112x.4    57   38 
 
DESCRIPTION: The incomplete specimen is medium-sized. The shape is elongate and 
turreted. The three preserved whorls are slightly concave with round ridges near the margin of 
the distinct, impressed suture. The section shows what appear to be a columellar fold and an 
outer lip fold. The surface is smooth. The aperture is not preserved.  
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DISCUSSION: Mhrilaia nerinaeformis (Coquand, 1862) from, for example, the Albian of 
Angola (Dartevelle and Brébion 1956) and the Cenomanian of Tunisia (Pervinquière 1912) 
shows similarities in size and shape, but the suture is more impressed. Additionally, the round 
ridges near the suture are broader and the spiral angle is smaller. The shape is also more 
pyramidal. 
 
 
 
 
 
Text-fig. 17. A–D – Nerinea sp. from Itaporanga 2–3 (C112x.4); A, apertural view; C, dorsal view; B, D, 
section. E–F – Nerinea? riachuelana? Maury, 1937; E, C37.593 from Cajaíba 7; F, C110.1 from Oiteiro 8. 
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Order Ophistobranchia Milne-Edwards, 1846  
Family Ringiculidae Fischer, 1883  
Genus Avellana d’Orbigny, 1842  
 
TYPE SPECIES: Auricula incrassata Sowerby, 1818, by subsequent designation by 
Cossmann (1895). 
 
DIAGNOSIS: Shell globose to spheroidal, with very short, cone-shaped spire; shell surface 
spirally ribbed, with sparse growth lines, interspaces appear finely dotted; aperture long, 
posteriorly narrow, anteriorly slightly widened, bearing a semicircular slit; outer lip straight, 
nearly vertical, bordered by flat, broad varix, with sparse growth-lines on the surface, inside 
weakly to strongly denticulate; inner lip with widely spaced, two to four columellar folds, 
inner margin of aperture with parietal callus nearly covering the umbilicus (based on Wenz 
and Zilch 1959; Pchelintsev and Volkov 1960, with modifications). 
 
REMARKS: Cossmann (1895, p. 118) designated Auricula incrassata Sowerby, 1818, as the 
type species of Avellana (see, e.g., Pchelintsev and Volkov 1960; Kollmann 1976). The 
repeated statements in the literature of Cassis avellana Brongniart in Cuvier and Brongniart, 
1822, as the type species (e.g., Wenz and Zilch 1959; Akers and Akers 1997; Kiel 2001; Kiel 
and Bandel 2004) are considered unwarranted, as no source for such a designation before 
1895 is given. 
 Sohl (1964b) remarked that the differences between Avellana and Oligoptycha Meek, 
1876, are based on the presence of three folds, one columellar and two parietal folds and a 
denticulate outer lip in Avellana. He noted that Meek (1876) classified both as subgenera of 
Cinulia Gray, 1847, but more recent authors, for example, Stephenson (1941), considered 
them as distinct genera. Kollmann (1976) proposed to synonymise Avellana and 
Oligoptychia. 
 Kiel and Bandel (2001) remarked on the characteristic difference between Eriptychia 
Meek, 1876 and Avellana, to wit the double-toothed basal columellar fold in Eriptychia. They 
proposed treating Eriptychia as a subgenus of Avellana.  
 According to Akers and Akers (1997), Avellana shows strong similarities to Ringicula 
Deshayes, 1838, but the latter genus differs in having weak spiral ornamentation. Also the 
number and position of the columellar folds differ; Ringicula has three folds and an anterior 
canal. Cinulia Gray, 1840 has one columellar fold and Ringicula has an anterior canal (Akers 
and Akers 1997). 
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 Stilwell and Henderson (2002) noted that Avellana differs from Biplica Popenoe, 1957, in 
having a smooth inner labral margin and two columellar plaits, whereas Avellana has three to 
four columellar folds.  
 Kiel and Bandel (2004) assigned Avellana to the subclass Heterostropha and order 
Ophistobranchia. 
 
 
Avellana? sp.  
(Text-fig. 18A−C, F, K) 
 
MATERIAL: Ninty-eight specimens, preserved as external and internal moulds, from the 
lower middle or upper middle Cenomanian of Jericó 3 (C384.9), the upper middle 
Cenomanian of Cruzes 11 (C361.1, 32, 33x), Jardim 7 (C458.3, 7x1–x4) and Jardim 24 
(C469.8, 18, 20, 31x2), the upper middle or upper Cenomanian of Cruzes 3 (C357.10, 15–18, 
18x, 21–22, 30–34, 50, 102x1, 103x1−x2, 104−105), Cruzes 8 (C359.13, 31, 54, 63–73, 
C360.2–4, 8–23), Cruzes 7 (C364.11, 25–29), Cruzes 9 (C375.52), Jericó 6 (C386.14x1) and 
Jardim 3 (C478.1), the upper Cenomanian of Jardim 1 (C116.68), Timbó 7 (C450.11), Timbó 
4 (C452.51–56, 74) and Jardim 16 (C512.4), the lower Turonian of Magalhães 7 (C354.2, 
13x2), the lower or middle Turonian of Alto Verde 1 (C57.3), Caieira 4 (C398.14) and 
General Maynard 3 (C481.15x, 15x1−15x2), the middle or upper Turonian of Santa Cruz 8 
(C184.25), the upper Turonian of Mata 7 (C233.9, 53, 61, 69, 70) and São Francisco 1 
(C483.8) and the upper Turonian (possibly lower Coniacian) of Socorro 7 (C3.2), Sergipe 
Basin, Brazil. 
 
DIMENSIONS of selected specimens of Avellana? sp. (AA and SA not measurable): 
Specimen no.  H (mm) W (mm)  
C116.68    8   - 
C357.10   8   5 
C357.15   7   4 
C357.18   8   4 
C357.18x   7   - 
C357.21   10   - 
C357.22   6   - 
C361.1    9   - 
C361.32   8   5 
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C364.11   11   - 
C469.8    8   - 
C469.31x2   13   -  
 
DESCRIPTION: The specimens are small, globose to spheroidal. There are up to three 
convex whorls preserved with low, but pointed spire. The suture is moderately deep. The 
surface is ornamented with uniform spiral cords and distinct growth lines. The body whorl 
occupies two-third of the mould. The aperture is not preserved.  
 
DISCUSSION: The aperture is not completely preserved or masked. The Sergipe specimens 
show similarities to the genus Ringinella d’Orbigny, 1842, or to Cinulia Gray, 1947. The 
globose to spheroidal specimens are here identified as Avellana, whereas Ringinella is 
fusiform to spindel-shaped. Cinulia is more globose and has a very low spire. 
 Lefranc (1977, in Bengtson 1983, table 3) reported the specimens described here as 
Avellana (Ringinella) pinguiscula White, subsequently as Ringinella pinguiscula White 
(Lefranc in Bengtson 1983, p. 44). The shape and the short spire agree, but the body whorl of 
R. pinguiscula White, 1887, occupies three-quarters of the shell, the suture is more oblique 
and the spire is lower. Lefranc (1977, in Bengtson, table 3) identified Acera browni White in 
the material studied here but A. browni White, 1887, differs from Avellana? sp. in having a 
smooth surface and a very low spire. Lefranc (1977, in Bengtson 1983, table 3) also identified 
Pterocera cf. decussata Zekeli, subsequently Pterocera (Dicroloma?) aff. decussata (Zekeli) 
(Lefranc in Bengtson 1983, pp. 44–45), but P. decussata Zekeli, 1852, differs in having spiral 
cords and axial ribs. Lefranc in Bengtson (1983, p. 44) assigned the Sergipe specimens partly 
to Chenopus (Drepanochilus) aff. costae (Choffat), but C. costae Choffat, 1886, differs from 
A.? sp. in having a higher spire, strong axial ribs and an extended outer lip. 
 The Sergipe specimens resemble Avellana hurgardiana d’Orbigny, 1842, from the Albian 
of France (Kollmann 2005b) in shape and the low spire. A. hurgardiana is more globose and 
has a lower spire. Furthermore, there are similarities to A. subincrassata d’Orbigny, 1842, 
from the Albian of France (Kollmann 2005b) and Austria (Kollmann 2002) but the shape is 
globular and this species has an adapically flat body whorl. A. subincrassata has a similar 
shape but has, in contrast, one columellar fold (Abbass 1963). A. decurtata Zekeli, 1852, from 
the Turonian and “Senonian” of Austria (Gosau Beds, Zekeli 1852), is more globose and has 
a very low spire. A. cretacea Quaas, 1902, from, for example, the Maastrichtian and Danian 
of Egypt (Abbass 1963) is similar in size and shape, but the incomplete preservation of the 
Sergipe material does not allow a clear distinction. Kollmann (1976) discussed the similarities 
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between A. subincrassata, A. hurgardiana and A. incrassata and he noted that they are not 
synonymous (as suggested by Wolff 1970), but that A. hurgardiana and A. subincrassata may 
be varieties of the same species. The Sergipe specimens are similar to A. intermedia 
Kollmann, 1976, from the Albian to Cenomanian of Austria (Kollmann 1976), with respect to 
the shape and the short spire. The outwards decline of the columellar fold in A. intermedia 
cannot be confirmed in this study, because the columella is masked or imbedded. Avellana sp. 
from the Cenomanian of Germany (Kiel and Bandel 2004) shows similarities in shape, size 
and it is also low spired. A. chispensis Stanton, 1947, and A. hilli Stanton, 1947, from, for 
example, the Albian and Cenomanian of Texas, USA (Akers and Akers 1997), show many 
similarities in shape and ornamentation. A. hilli is a small species but still larger as the 
Sergipe specimens, and A. chispensis has a lower spire. The European species A. dubia (Briart 
and Cornet, 1865), from, for example, the Cenomanian of Austria (Rahman 1967) and 
Germany (Smettan 1997) shows similarities in size and shape, but the spire is lower. 
Rahman’s (1967) specimen Avellana sp. from the Cenomanian of Austria has a higher spire 
than the Sergipe specimens.  
 Oligoptycha americana (Wade, 1926) from, for example, the Maastrichtian of Texas 
(Stephenson 1941; Akers and Akers 1997) and the Campanian(?) of Tennessee (Sohl 1964b), 
USA, shows similarities in size, shape and ornamentation, but the spire appears to be lower 
than in the Sergipe specimens.  
 
 
 
 
Family Bullidae Lamarck, 1801  
Genus Bulla Linnaeus, 1758  
 
TYPE SPECIES: Bulla ampulla Linnaeus, 1758, by subsequent designation by Montfort 
(1810). 
 
DIAGNOSIS: Shell medium-sized, involute, ovate to moderately globose; spire involute; 
apical pit generally narrow; surface smooth to spirally grooved; aperture as long as shell, 
expanding anteriorly; outer lip thin at edge, inner lip callused; columellar lip arcuate (based 
on Sohl 1964b; Shimer and Shrock 1959, with modifications).  
 
SYNONYMS: Bullus Montfort, 1810; Bullaria Rafinesque, 1815 (Shimer and Shrock 1959). 
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REMARKS: Maury (1937) discussed that the genus Bulla resembles Acera Müller, 1776 
(= Akera), but the latter genus has a low but not involute and sunken spire. Sohl (1964b) 
remarked that a moderately large number of Cretaceous species have been assigned to Bulla, 
often on the basis of internal moulds of questionable affinities. Specimens of involute internal 
moulds of globose outline are still classified in Bulla.  
 
 
Bulla? sp.  
(Text-fig. 18G−J) 
 
MATERIAL: Two specimens, preserved as internal moulds, from the upper middle or upper 
Cenomanian of Cruzes 8 (C359.54, C360.24), Sergipe Basin, Brazil. 
 
DIMENSIONS of Bulla? sp. (AA and SA not measurable):  
Specimen no.  H (mm) W (mm)  
C359.54    9   - 
C360.24   9   6 
 
DESCRIPTION: Inversely drop-shaped, small specimens. The greatest width is in the middle 
of the mould. The spire is depressed. Whorls are separated by a deep, channelled suture. The 
aperture is long, nearly as high as the shell, acute posteriorly and slightly widened anteriorly.  
 
DISCUSSION: Lefranc (1977, in Bengtson 1983, table 3) identified the specimens described 
here as Acera browni White. A. brownii White, 1887, shows similarities in shape and size. 
Also, the spire is equal, but the aperture is broad, particularly posteriorly and distinctly ovate.  
 Akera constricta Stephenson, 1941, from, for example, the Campanian to Maastrichtian of 
Texas, USA (Akers and Akers 1997), differs in having an aperture with a broader posterior 
end. A. brownii White, 1887, from, for example, the Albian (Maury 1937).  
 Bulla? sp. described by Sohl (1964b) from the Maastrichtian of Mississippi, USA, is more 
globose. 
 Marginella (Gibberula) garamantica Pervinquière, 1912, from the Maastrichtian of 
Tunisia (Pervinquière 1912) shows similarities in size and shape of the body whorl, but 
differs in the shape of the aperture which has a more vertical outer lip. 
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 Bullopsis cretacea Conrad, 1858, from, for example, the Maastrichtian of Mississippi and 
Tenessee, USA (Sohl 1964b), shows similarities in size and shape but has a sunken, involute 
spire.  
 
 
 
 
Informal group Bullomorpha Pelseneer, 1906  
Genus Cylichna Lovén, 1846 (sensu lato) 
 
TYPE SPECIES: Bulla cylindracea Pennant, 1777, by subsequent designation by 
Herrmannsen (1852). 
 
DIAGNOSIS: Shell small, slender, cylindrical; spire involute, apically truncate, perforate in 
early growth stages; surface smooth or with fine, incised spiral grooves; aperture posteriorly 
narrow but expanding to a rounded anterior end; columellar lip with a low fold (Sohl 1964b). 
 
REMARKS: According to Stephenson (1941) and Akers and Akers (1997), Cylichna differs 
from Ellipsoscapha Stephenson, 1941, in being smaller and having a more slender, nearly 
cylindrical shape. Cylichna has also a narrower aperture, less closed spiral grooves and finer 
spiral ornamentation. 
 Sohl (1964a) discussed that Cretaceous cephalaspid species with subcylindrical shape 
have often been assigned to Cylichna and the genus has served as a “wastebasket” for fossil 
species. He proposed a critical revision of most of these species.  
 Erickson (1974) noted the geographically and stratigraphically wide range of Cylichna in 
the Upper Cretaceous of the Mid-Continent Region of the USA.  
 Based on Kiel et al. (2002) Cylichna is placed in the informal group Bullomorpha, 
because for detailed classification characters of the living organism are also needed. 
 
 
Cylichna secalina? Shumard, 1861  
(Text-fig. 18D, E) 
 
 cf.  *1861.   Cylichna secalina; Shumard, p. 195. 
 cf.   1926.   Cylichna recta (Gabb); Wade, p. 106, pl. 34, figs 18–20. 
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 cf.  1941.   Cylichna secalina Shumard; Stephenson, p. 394, pl. 74, figs 4–6. 
 cf.  1964b.  Cylichna secalina Shumard; Sohl, p. 299, pl. 49, figs 26−27. 
   v1977.   Acera browni White; Lefranc, p. 312. 
  v1983.  Acera browni White; Lefranc in Bengtson, p. 20, table 3. 
 cf.   1997.   Cylichna secalina Shumard; Akers and Akers, p. 270, text-fig. 292. 
 cf.  2000.   Cylichna secalina Shumard, 1861; Perrilliat et al., p. 19, fig. 7.9. 
 cf.   2002.   “Cylichna” recta Gabb, 1860; Kiel et al., p. 336, fig. 3.4. 
 
MATERIAL: Three specimens, preserved as internal moulds, from the lower Turonian of 
Magalhães 7 (C354.14) and the lower or middle Turonian of Pedra Furada 4 (C95.42) and 
Pedra Furada 8 (C315.9), Sergipe Basin, Brazil. 
 
 
 
 
 
Text-fig. 18. A–C, F, K – Avellana? sp.; A, C469.31x2 from Jardim 24; apertural view; B, C469.8 from Jardim 
24; C, F, C361.1 from Cruzes 11; C, apertural view?; F, dorsal view; K, C116.68 from Jardim 1; dorsal view. G–
J – Bulla? sp.; G, H, C359.54 from Cruzes 8; G, apertural view; H, apical view; I, J, C360.24 from Cruzes 8; I, 
apical view; J, apertural view. D–E – Cylichna secalina? Shumard, 1861 from Pedra Furada 8 (C315.9); D, 
apertural view; E, apical view. 
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DIMENSIONS of Cylichna secalina? Shumard, 1861 (AA and SA not measurable): 
Specimen no.  H (mm) W (mm)  
C95.42     11   - 
C315.9     17   18 
C354.14   -   10 
 
DESCRIPTION: The subcylindrical specimens are small. The height is more than twice the 
width. The spire is depressed. The whorls are separated by a deep indentation. The body 
whorl builds a crest. The suture is impressed. The aperture is long and as high as the shell, but 
incompletely preserved. It is acute posteriorly and widens slightly anteriorly. The columella is 
not preserved except for the loosely coiled, inner edge. There is no ornamentation visible. 
 
DISCUSSION: Lefanc (1977, in Bengtson 1983, table 3) assigned the hier described 
specimens partly to Acera browni White. A. browni White, 1887, differs from C. secalina in 
having a round shape. 
 Sohl (1964b) noted that the Texas specimens have a moderately wide variation in their 
ornamentation. They ranged from specimens with “very widely spaced narrow incised 
grooves over the posterior one-eighth of the shell” to those with wide, deep spiral grooves to 
ones with interspaces “left as four to five rather strong spiral cords”.  
 Cylichna recta Gabb, 1860, from, for example, the undifferentiated Upper Cretaceous of 
Mississippi, USA (Wade 1926), and the Maastrichtian of Mexico (Kiel et al. 2002) shows 
similarities in size and shape. Kiel et al. (2002) discussed that C. secalina Shumard, 1861, and 
C. recta Gabb, 1860, are probably synonyms because the only distinction is the distribution of 
the fine spiral grooves. C. incisa Stephenson, 1941, from the Maastrichtian of Texas, USA 
(Stephenson, 1941), is smaller and has a more rounded shoulder but is very similar to 
C. secalina. According to Stephenson (1941), C. incisa has sharper spiral grooves, more 
uniformly incised and more distinctly punctate, making the ornamentation more dominant, 
whereas the grooves near the posterior end and the basal slope are coarser and in vertical 
profile the shell appears less slender. C. faba (Kner, 1848) from, for example, the Campanian 
to Maastrichtian of Poland (Abdel-Gawad 1986) shows similarities in size and shape, but the 
distinct spiral cords of this species are not seen in the Sergipe specimens. “Cylichna” sp. 
described by Kiel and Bandel (2001) from the Campanian of Spain shows similarities in 
shape and has also a smooth surface. According to Kaim and Beisel (2005), species of 
Cylichna are extremely hard to define. The differences lie in the thickness and density of the 
spirae. 
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 The Sergipe specimens are similar to Akera constricta Stephenson, 1941, from the 
Maastrichtian of Texas, USA (Stephenson 1941), but the shape is subcylindrical and not oval 
as in A. constricta. A. brownii White, 1887, from the Albian of Sergipe, Brazil (Maury 1937), 
shows similarities in size but differs in having a low spire, a large, obliquely ovate, anteriorly 
broad aperture, the outer lip is convex and the shape of the shell is globose.  
 
OCURRENCE: Cylichna secalina Shumard, 1861, is known from and the Campanian(?) to 
Maastrichtian of Mississippi, the undifferentiated Upper Cretaceous of Tenessee, the 
undifferentiated Cretaceous and the Campanian to Maastrichtian of Texas, USA, the 
Maastrichtian of Mexico and possibly the Turonian of Sergipe, Brazil (this study).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 111 
 
7. BIOSTRATIGRAPHIC POTENTIAL 
 
 In general, gastropods are rarely utilised as index fossils or used to establish biozones. In 
most cases, the gastropods are merely noted as components of the accompanying fauna, 
because of general problems with their preservation. According to Kollmann (1992), a general 
rule should be never to extend correlation with benthic taxa beyond the facies of their 
biocoenosis. Tichy (1980) summarized in detail the problem, noting that due to their benthic 
lifestyle, gastropods rarely overcome facies dependency, therefore the establishing of reliable 
biozones becomes very difficult. 
 Sohl (1977) noted the biostratigraphic potential of four Drepanocheilus (= 
Drepanochilus) species (D. obesus (Sohl, 1967); D. nebrascensis (Evans and Shumard, 
1854); D. scotti (Sohl, 1967) and D. evansi (Cossmann, 1904)) in the 
Campanian−Maastrichtian of the Western Interior Basin. He remarked the stratigraphic 
overlap of two forms (D. scotti and D. evansi), representing the ammonite biozone of 
Baculites grandis (Sohl 1967).  
 In France, Kollmann (1985) used Turritella unicarinata (Woodward, 1833), in the 
Campanian to establish a local subdivision (designated P8), whereas Kauffman et al. (1993) 
were able to use Turritella n. sp. A as a zonal indicator in the Upper Cenomanian of the 
Western Interior Basin, together with the oyster Lopha staufferi (Bergquist, 1944) for their 
zone CE-7B. Furthermore, they used next to the ammonite Euomphaloceras septumseriatum 
(Cragin, 1893), for example, the gastropod Turritella n. sp. B in the Upper Cenomanian for 
their zone CE-9. Saul (1983b) established a Turritella zonation for the Turonian and across 
the Cretaceous−Paleogene boundary of California, USA. Elder and Saul (1996) demonstrated 
that Anchura can be used for biostratigraphy (Turonian to Maastrichtian) of the North 
American Pacific slope, comparable to the Turritella zonation. Squires and Saul (2006) 
summarized the Cretaceous biostratigraphic work based on Turritella, noting that the genus 
has been well studied and used for biostratigraphic zonation from the Campanian to the 
Pleistocene (e.g., Grant and Gale 1931; Loel and Corey 1932; Merriam 1942; Weaver 1943; 
Givens 1974; Saul 1983a, b; Squires 1987). However, they pointed out that the pre-
Campanian record of Turritella has received far less study.  
 
 
 The Sergipe gastropod fauna can be divided in different groups according to the state of 
preservation, relative abundance (Text-fig. 19) and identifiability: (1) genera with little 
information due to bad preservation and sparse or locally restricted occurrence (Turbo, 
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Mesalia, Tylostoma, Acirsa, Epitonium, Fasciolaria, Trophon, Volutilithes, Volutomorpha, 
Pyropsis, Bulla, Cylichna, Turritella, “Cerithium”, Tylostoma, Nerinea, Euspira), (2) poorly 
preserved but easily identifiable, widely occurring forms (Aporrhais, Drepanocheilus, 
Anchura, Avellana) and (3) well preserved, easily identifiable and widely occurring forms 
(Pseudamaura, Gyrodes, Piestochilus). 
 
 
 
 
 
Text-fig. 19. Stratigraphic ranges and relative abundances of the Cenomanian–Turonian (possibly lower 
Coniacian) gastropod taxa of Sergipe (heights are not to scale). Circles (Ο) represent stratigraphically uncertain 
occurrences; crosses (×) represent stratigraphically definite assignments. Dashed line indicates the Turonian–
Coniacian boundary, not yet defined by a GSSP. 
 
 
 
 
 The gastropod fauna described here is suitable for establishing a local gastropod 
assemblage zone in the upper Turonian (possibly extending into the lower Coniacian), 
characterized by the following prominent and diagnostic taxa: 
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• Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
 Piestochilus? (C.?) bleicheri (29 specimens) is limited in the Sergipe Basin to the upper 
Turonian or possibly lower Coniacian (Cajaíba 6, 7; Mata 10; Mucuri 10; Oiteiro 19, 28). The 
species occurs in massive, cream, yellowish and blue-grey limestones (lithological 
descriptions after Bengtson (1983)). 
 
• Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1838) 
• Pseudamaura? bulbiformis borealis (Frech, 1887) 
 The genus Pseudamaura occurs in the Sergipe Basin sediment rocks, stratigraphically, 
from the lower Cenomanian to the upper Turonian or lower Coniacian. One hundred and 
thirty-five specimens belong to upper Turonian (possibly lower Coniacian) localities (Cajaíba 
6, 7; the area of Cajaíba 7−10; Mata 9; Mucuri 6, 7, 10; Oiteiro 18, 19; Tabocas 1). This is 
maybe a result of the lateral changing facies within the basin. Pseudamaura is limited to 
cream and blue-grey, blue-grey to grey limestone (lithological descriptions after Bengtson 
(1983)).  
 
• Gyrodes Conrad, 1860 (G. acutimargo? (Roemer, 1841); G. biangulata? (Shumard, 
1860); G.? edura? (Stoliczka, 1868); G. supraplicatus? (Conrad, 1858); G.? sp. A; 
G.? sp. B)  
 Gyrodes is a very easily identifiable form, which is common in the Sergipe Basin in 
localities with cream, grey, blue-grey, yellowish sediment rocks (lithological descriptions 
after Bengtson (1983)) from the lower Cenomanian to the upper Turonian. Forteen specimens 
belong to the upper Turonian (possibly lower Coniacian) localities (Cajaíba 7; Cruzes 6; 
Lombada 16; Mata 7; Oiteiro 3, 4, 23, 28; Santa Cruz 8?; Tabocas 1).  
 
 
Piestochilus? (Cryptorhytis?) bleicheri Assemblage Zone 
The zone is defined by the typical association of Piestochilus? (Cryptorhytis?) bleicheri 
(Thomas and Peron, 1889) and abundant and diagnostic taxa of the genera Pseudamaura 
(P.? bulbiformis bulbiformis; P.? bulbiformis borealis) and Gyrodes (G. acutimargo?; 
G. biangulata?; G.? edura?; G. supraplicatus?; G.? sp. A; G.? sp. B) (sporadically Turbo? 
(Marmarostoma?) sp.; “Cerithium”? tenouklense; Aporrhais? sp.; Drepanocheilus? sp. A; 
Anchura? sp.; Trophon? progne?; Volutomorpha? aspera?; Volutomorpha? sp. A; 
Volutomorpha? sp. B; Pyropsis? sp. at the same localities). The age of the zone is late 
Turonian (possibly lower Coniacian). 
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The Piestochilus? (Cryptorhytis?) bleicheri Assemblage Zone (Text-fig. 20) corresponds to 
the Subprionocyclus−Reesidites, Barroisiceras onilahyense−Forresteria and Forresteria 
armata−Prionocycloceras lenti ammonite zones of the upper Turonian (possibly lower 
Coniacian) (Koutsoukos and Bengtson 1993; Seeling and Bengtson 2003; S.I. Bengtson et al. 
2005; Walter et al. 2005). 
 
 
 
 
 
Text-fig. 20. Ammonite biostratigraphy in the Turonian (possibly lower Coniacian) of Sergipe, correlated with 
the Piestochilus? (Cryptorhytis?) bleicheri Assemblage Zone. Zonal heights are not to scale. Dashed lines denote 
uncertainty of boundaries between stages, not yet defined by GSSPs, or biostratigraphic assignment. 
 
 
 
 
 The pre-Cenomanian (Lower Cretaceous) gastropod potential has to be in the focus of 
forthcoming studies and the post-Turonian fauna of the Cotinguiba Formation is incomplete. 
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During the latest Turonian−early Coniacian the marine deposition decreased because of a 
regression in the marginal areas, possibly a result of the seaward tilting of the basin (Ojeda 
and Fugita 1976). In the Santonian−Campanian the climatic changes led to marine 
transgression (Koutsoukos et al. 1993). The overlying marine Calumbi Formation (Santonian 
to Miocene) is represented by clastics and carbonates (Feijó 1995). 
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8. PALAEOBIOGEOGRAPHY 
 
 The established connection between the North and South Atlantic and the Trans-Saharan 
Seaway – which was a result of from the late Cenomanian–early Turonian eustatic highstand 
(e.g., Gebhardt 1999) – increased the possibility for larval gastropods to migrate over long 
distances; hence, many Sergipe genera are cosmopolitan. Voigt (1996) summarized the 
palaoegeographic situation in Cenomanian to Turonian times, with maps, for example, for the 
early Cenomanian to late Turonian. Newer data have been presented by Blakey (2008). 
 
 The genus Turbo Linnaeus, 1758, has been reported from the upper Lower and Upper 
Cretaceous, for example, the Albian (Vraconian) of Mexico (Böse 1910) and the Albian and 
Cenomanian of Texas, USA (Akers and Akers 1997). The species T. portentus White, 1887, 
is known from the undifferentiated Cretaceous (White 1887), the Albian (Maury 1937) and 
possibly also the Turonian (this study) of Sergipe, Brazil.  
 Pseudamaura bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) is a 
cosmopolite gastropod (Wolff and Schenk 1972). It is known from the Turonian and 
“Senonian” of Austria (Zekeli 1852), the Turonian of France (Roman and Mazeran 1913), the 
“upper Senonian” of Hungary (Benkő-Czabalay 1964), the Coniacian to Santonian of Egypt 
(Greco 1916; El Qot 2006), the Turonian and “Senonian(?)” of Gabon (Dartevelle and 
Brébion, 1956), the Turonian and Santonian of Tunisia (Peron 1889), the Albian of Texas 
(Akers and Akers 1997) and the Turonian(?) of Colorado (Stanton 1894), USA, the Turonian 
(Andrade and Felix 2012) and possibly also the Cenomanian to Turonian (this study) of 
Sergipe, Brazil. P. bulbiformis borealis (Frech, 1887) is known from the Santonian to 
Campanian of Austria (Wolff and Schenk 1972), the Turonian of France (Kollmann 2005b), 
the “lower Senonian” of Germany (Frech 1887), the Turonian to Santonian of Egypt (Greco 
1916; Zakhera 2002; El Qot 2006), the Turonian of Nigeria (Barber 1958) and possibly from 
the Cenomanian to Turonian or lower Coniacian of Sergipe, Brazil (this study). P. bulbiformis 
is a widespread Late Cretaceous gastropod, distributed in the Tethyan, Eurasian and Central 
American regions (Wolff and Schenk 1972). Wolff and Schenk (1972) noted the further noted 
distribution by Dartevelle and Brébion (1956). According to Wolff and Schenk (1972), the 
species is particularly useful for palaeobiogeographical interpretations. They concluded, based 
on Beurlen (1969, p. 725) and Wolff (1970, p. 189), that the geographical distribution of 
P. bulbiformis reveals suitable pathways for benthic molluscs through shallow-water zones 
between the Mediterranean and Central American region. Wolff and Schenk (1972) 
concluded, compared to, for example, Riedel (1933), Dartevelle and Brébion (1956) and 
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Freneix (1966), that the geological situation and the distribution of landmasses and sea in the 
late Cenomanian–early Turonian made it possible for P. bulbiformis and other vagile benthic 
organisms, to migrate during the distinct transgression over the African shallow marginal sea, 
the Recent Sahara, and, at least reached West Africa (Angola, Cameroon, Nigeria). Hence, the 
specimens probably spread into the South Atlantic. Two possible seaways existed at that time, 
the Trans-Saharan Seaway across the African continent into the South Atlantic or through the 
Tethys and the newly developed seaway between the African and South American continents.  
Mesalia Gray, 1847, has been reported from the upper Lower and Upper Cretaceous, for 
example, the Aptian and Albian of southern England, UK (Casey 1961), the Maastrichtian of 
Oman (Kühn 1929) and the Campanian of Canada (Li et al. 2011). M. hebe White, 1887, is 
known from undifferentiated Cretaceous (White 1887), the Albian(?) (Maury 1937) and 
possibly also the Turonian (this study) of Sergipe, Brazil. M. shumardi Stephenson, 1953, is 
known from the Cenomanian of Texas, USA (Stephenson 1853; Akers and Akers 1997), the 
Turonian (Andrade and Felix 2012) and possibly also the Cenomanian (this study) of Sergipe, 
Brazil. 
 The genus Turritella Lamarck, 1799, is a cosmopolite gastropod, which has been reported 
from the upper Lower and Upper Cretaceous, for example, the Aptian to Santonian of the 
Pacific slope of California (Squires and Saul 2006) and the Albian to Cenomanian and 
Campanian to Maastrichtian of Texas (Akers and Akers 1997), USA, the Cenomanian of 
Jordan (Berndt 2002) and the Turonian to Coniacian of Germany (Schneider et al. 2011). 
T. vertebroides Morton, 1834, is known from the undifferentiated Cretaceous (Morton 1834) 
and undifferentiated Upper Cretaceous (Wade 1926), the Campanian (Dockery 1993) and 
Maastrichtian (e.g., Sohl 1960), USA, the Maastrichtian of Mexico (Perrilliat et al. 2000) and 
possibly the Cenomanian to Turonian of Sergipe, Brazil (this study). 
 The genus Cerithium Bruguière, 1789, has been reported from the upper Lower and Upper 
Cretaceous, for example, the Maastrichtian of Mississippi (Sohl and Koch 1983) and the 
Albian and Cenomanian of Texas (Akers and Akers 1997), USA, the Santonian of Austria 
(Summesberger 1985) and the Campanian to Maastrichtian of Poland (Abdel-Gawad 1986). 
“C.” riachuelanum Maury, 1937, is known from the Albian (Maury 1937) and possibly also 
the Turonian (this study) of Sergipe, Brazil. “C.” harttii White, 1887, is known from the 
undifferentiated Cretaceous of Pernambuco (White 1887) and possibly the Cenomanian to 
Turonian of Sergipe (this study), Brazil. “C.” tenouklense (Coquand, 1862) is known from the 
“Rhotomagian” (Coquand 1862), the Cenomanian to Turonian and “Senonian” of Algeria 
(Albanesi and Busson 1974), the Cenomanian (Greco 1916; Fawzi 1963; El Qot 2006; 
Mekawy 2007), Turonian (El Qot 2006), Albian to Campanian (Ayoub Hannaa 2011), 
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Coniacian to Santonian (Melawy 2007) and Campanian (Zakhera 2002) of Egypt, the 
Cenomanian (Peron 1889), Cenomanian and Coniacian (Pervinquiére 1912) and Campanian 
to Maastrichtian (Albanesi and Busson 1974) of Tunisia, the Cenomanian of Madagascar 
(Collignion 1931), the Cenomanian of the Middle East (Blanckenhorn 1927) and possibly the 
Cenomanian to Turonian of Sergipe, Brazil (this study). 
Gyrodes Conrad, 1860, has been reported from the upper Lower and Upper Cretaceous, 
for example, the Albian to Cenomanian and Campanian to Maastrichtian of Texas (Akers and 
Akers 1997) and the Maastrichtian of Mississippi (Sohl and Koch 1983), USA, the 
Maastrichtian of Mexico (Perrilliat et al. 2000), the Campanian to Maastrichtian of Poland 
(Abdel-Gawad 1986) and the Santonian to Campanian of South Africa (Kiel and Bandel 
2003). G. acutimargo (Roemer, 1841) is known from the undifferentiated Upper Cretaceous 
(Roemer 1841) and the “lower Senonian” (Holzapfel 1888) of Germany, and possibly the 
Turonian of Sergipe, Brazil (this study). G. biangulata (Shumard, 1860) is known from the 
Albian (Akers and Akers 1997) and the undifferentiated Upper Cretaceous of Texas (Shumard 
1860; Stanton 1947), USA, and possibly the Turonian of Sergipe, Brazil (this study). G. edura 
(Stoliczka, 1868) is known from the undifferentiated Cretaceous of India (Stoliczka 1868), the 
“Emscherian” to Maastrichtian of Cameroon (Riedel 1933) and possibly the Cenomanian to 
Turonian (possibly lower Coniacian) of Sergipe, Brazil (this study). G. supraplicatus (Conrad, 
1858) is known from the Campanian to Maastrichtian of Texas (Stephenson 1941; Akers and 
Akers 1997) and the undifferentiated Upper Cretaceous of Mississippi (Conrad 1858), USA, 
the Maastrichtian of Mexico (Perrilliat et al. 2000; Kiel 2001) and possibly the Turonian of 
Sergipe, Brazil (this study). 
The genus Euspira Agassiz in Sowerby, 1838, has been reported from the Upper 
Cretaceous, for example, the Campanian of Canada (Li et al. 2011), the Campanian and 
Maastrichtian of Texas, USA (Elder 1996; Akers and Akers 1997), and possibly described 
from the Cenomanian of Sergipe, Brazil (this study). 
Aporrhais da Costa, 1778, has been reported from the upper Lower and Upper 
Cretaceous, for example, the Campanian to Maastrichtian of Poland (Abdel-Gawad 1986), the 
Cenomanian of Jordan (Berndt 2002) and the Albian of Texas, USA (Akers and Akers 1997). 
A. dutrugei (Coquand, 1862) is known from the “Rhotomagian” (Coquand 1862), “Senonian”, 
Maastrichtian and Eocene (Albanesi and Busson 1974) of Algeria, the Cenomanian 
(Pervinquére 1912) and “Senonian”, Campanian to Maastrichtian (Albanesi and Busson 1974) 
of Tunisia, the Cenomanian (Mekawy 2007), Cenomanian to Turonian (El Qot 2006) and 
Albian to Cenomanian (Ayoub Hannaa 2011) of Egypt, the Cenomanian of the Middle East 
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(Blanckenhorn 1927) and possibly the Cenomanian to Turonian of Sergipe, Brazil (this 
study). 
 The genus Drepanocheilus Meek, 1864, has been reported from the upper Lower and 
Upper Cretaceous, for example, the Albian of England, UK (Woods and Jones 1996), the 
Campanian to Maastrichtian of Poland (Abdel-Gawad 1986), the Albian and Campanian to 
Maastrichtian of Texas, USA (Akers and Akers 1997), and possibly described from the 
Cenomanian to Turonian (possibly lower Coniacian) of Sergipe, Brazil (this study).  
 Piestochilus Meek, 1864, has been reported from the Upper Cretaceous, for example, the 
Maastrichtian of Mississippi (Sohl and Koch 1983) and the Maastrichtian of North Dakota 
(Erickson 1974), USA, and the Campanian of Tunisia (Albanesi and Busson 1974). 
P. (Cryptorhytis) bleicheri (Thomas and Peron in Peron, 1889) is known from the Santonian 
(Thomas and Peron in Peron 1889) and the Coniacian and “Senonian” (Pervinquiére 1912) of 
Tunisia, the “Senonian” of Angola (Rennie 1929), the Congolese coast and Gabon (Dartevelle 
and Brébion 1956), the “lower Senonian” of Peru (Brüggen 1910), the Turonian (Andrade and 
Felix 2012) and possibly also the Turonian and Turonian or lower Coniacian (this study) of 
Sergipe, Brazil. 
 Anchura Conrad, 1860, has been reported from the upper Lower and Upper Cretaceous, 
for example, the Albian of Brazil (Maury 1937), the Albian to Cenomanian, Coniacian and 
Campanian to Maastrichtian of Texas, USA (Akers and Akers 1997), and possibly described 
from the Cenomanian to Turonian (possibly lower Coniacian) of Sergipe, Brazil (this study).  
 The genus Tylostoma Stoliczka, 1868, has been reported from the Upper Cretaceous, for 
example, the Turonian of Egypt (Abdel-Gawad and Zalat 1992) and the Cenomanian of 
Jordan (Brandt 2002). T. brasilianum Maury, 1925, is known from the undifferentiated Upper 
Cretaceous of Rio Grande do Norte (Penna 1964), the Turonian of Rio Grande do Norte 
(Maury 1925; Beurlen 1964a; Cassab 2003) and possibly the Cenomanian to Turonian of 
Sergipe (this study), Brazil. 
 Acirsa Mörch, 1857, has been reported from the Upper Cretaceous, for example, the 
Santonian to Campanian of California, USA (Squires and Saul 2003); Epitonium Röding, 
1798, has been reported from the upper Lower and Upper Cretaceous from, for example, the 
Albian, Cenomanian and Coniacian of Texas, USA (Akers and Akers 1997), the 
Maastrichtian of Mexico (Perrilliat et al. 2000) and the Albian(?) of Brazil (Maury 1937). 
Fasciolaria Lamarck, 1799, has been reported from the upper Lower and Upper Cretaceous, 
for example, the Albian of Brazil (Maury 1937) and the Cenomanian of Egypt (Abbass 1963). 
All these genera are possibly described from the Turonian (Acirsa), the Cenomanian to 
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Turonian (Epitonium) and the Cenomanian to Turonian or lower Coniacian (Fasciolaria) of 
Sergipe, Brazil (this study). 
 The genus Trophon Montfort, 1810, has been reported from the Cretaceous, for example, 
the undifferentiated Cretaceous of India (Stoliczka 1868) and the Santonian to Campanian of 
South Africa (Kiel and Bandel 2003). T. progne White, 1887 is known from the 
undifferentiated Cretaceous of Pernambuco (White 1887) and possibly also the Turonian of 
Sergipe (this study), Brazil.  
 Volutilithes Swainson, 1829, has been reported from the upper Lower and Upper 
Cretaceous, for example, the Cenomanian of Germany (Smettan 1997), the Albian to 
Cenomanian of Texas, USA (Akers and Akers 1997) and the Campanian to Maastrichtian of 
Japan (Kase 1990) and possibly described from the Cenomanian to Turonian of Sergipe, 
Brazil (this study).  
 Volutomorpha Gabb, 1877, has been reported from the Upper Cretaceous, for example, 
the Cenomanian and Campanian to Maastrichtian of Texas, USA (Akers and Akers 1997) and 
the Maastrichtian of Mexico (Perrilliat et al. 2000). V. aspera Dall, 1907, is known from the 
undifferentiated Upper Cretaceous of Cameroon (Riedel 1933), the Santonian of Gabon 
(Dartevelle and Brébion 1956), the undifferentiated Upper Cretaceous of Mississippi and 
Tennessee (Dall 1907; Wade 1926), the Campanian(?) to Maastrichtian of Mississippi and 
Tennessee (Sohl 1964b) and the Maastrichtian of Texas (Stephenson 1941; Akers and Akers 
1997), USA, and possibly the Cenomanian to Turonian or lower Coniacian of Sergipe, Brazil 
(this study).  
 The Pyropsis Conrad, 1860, has been reported from the Upper Cretaceous, for example, 
the Santonian to Campanian of South Africa (Kiel and Bandel 2003), the Campanian of 
Texas, USA (Elder 1996), the Maastrichtian of Mexico (Perrilliat et al. 2000) and possibly 
described from the Cenomanian to Turonian of Sergipe, Brazil (this study). Erickson (1974) 
remarked that Pyropsis is a more “Tethyan” or southern genus. Squires (2011) listed stage, 
general assignment and geographic distribution of Pyropsis taxa (p. 1203, Table 1). He noted 
that Pyropsis is rare to uncommon and it ranged from middle Cenomanian, near to the 
Cretaceous/Paleogene boundary (possibly Paleocene).  
 Nerinea Deshayes, 1827, has been reported from the upper Lower and Upper Cretaceous, 
for example, the Albian to Cenomanian of Austria (Kollmann 1976), the Cenomanian of 
Germany (Smettan 1997), the Albian of Egypt (Aboul Ela et al. 1991) and the Albian to 
Cenomanian of Texas, USA (Akers and Akers 1997). N. riachuelana Maury, 1937, is known 
from the Albian(?) (Maury 1937) and possibly also the Turonian and Turonian (possibly 
lower Coniacian) (this study) of Sergipe, Brazil. 
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 The genus Avellana d’Orbigny, 1842, has been reported from the upper Lower and Upper 
Cretaceous, for example, the Albian of Austria (Kollmann 2002), the Albian of England, UK 
(Taylor et al. 1983), the Cenomanian of Germany (Smettan 1997; Kiel and Bandel 2004), the 
Campanian to Maastrichtian of Poland (Abdel-Gawad 1986), the Cenomanian of Japan 
(Hayami and Kase 1981), the Santonian to Campanian of South Africa (Kiel and Bandel 
2003) and possibly described from the Cenomanian to Turonian (possibly lower Coniacian) of 
Sergipe, Brazil (this study). 
 The genus Bulla Linnaeus, 1758, has been reported from the Upper Cretaceous, for 
example, the Maastrichtian of Mississippi, USA (Sohl and Koch 1983). Bulla is possibly 
described from the Cenomanian of Sergipe, Brazil (this study). 
 Cylichna Lovén, 1846, has been reported from the Upper Cretaceous, for example, the 
Campanian to Maastrichtian of Poland (Abdel-Gawad 1986), the Campanian of Spain (Kiel 
and Bandel 2001), the Maastrichtian of Mexico (Perrilliat et al. 2000), the Santonian to 
Campanian of South Africa (Kiel and Bandel 2003) and the Campanian to Maastrichtian of 
Japan (Kase 1990). C. secalina Shumard, 1861, is known from the undifferentiated 
Cretaceous (Shumard 1861), the Campanian (Akers and Akers 1997) to Maastrichtian 
(Stephenson 1941) of Texas, the undifferentiated Upper Cretaceous of Tenessee (Wade 1926) 
and the Campanian(?) to Maastrichtian of Mississippi (Sohl 1964b), USA, the Maastrichtian 
of Mexico (Perrilliat et al. 2000; Kiel et al. 2002) and possibly the Turonian of Sergipe, 
Brazil (this study). 
 
 
 The Sergipe specimens show similarities Albian taxa of Brazil, Egypt and the USA, to 
Cenomanian to Turonian (possibly early Coniacian) taxa of Europe (Austria, France), South 
America (Brazil), West and Middle Africa (Gabon, Nigeria), North Africa (Egypt, Tunisia, 
Algeria), the Middle East, Madagascar, North America (USA), corresponding to the Tethys, 
the Western Interior Seaway and the North and South Atlantic (Text-figs 21 and 22) and to 
Coniacian to Maastrichtian taxa of Europe (Austria, Germany, Hungary), South America 
(Peru), Central America (Mexico) and North America (USA) and Africa (Algeria, Egypt, 
Tunisia, Angola, Cameroon, Congolese coast, Gabon). 
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Text-fig. 21. Palaeobiogeographic distribution of Cenomanian gastropod species, possibly described from the 
Sergipe Basin, Brazil (map adapted and modified, based on Blakey 2008).  
 
 
Cenomanian
Pseudamaura bulbiformis bulbiformis (Sowerby in 
Sedgwick and Murchison, 1832)
Turritella vertebroides Morton, 1834
Gyrodes edura (Stoliczka, 1868) 
Aporrhais dutrugei (Coquand, 1862)
Piestochilus bleicheri (Thomas and Peron in Peron, 1889)
Volutomorpha aspera Dall, 1907
“Cerithium” tenouklense (Coquand, 1862)
Mesalia shumardi Stephenson, 1953
“Cerithium” harttii White, 1887
Cenomanian landmass
Pseudamaura bulbiformis borealis (Frech, 1887)
Cenomanian
Tylostoma brasilianum Maury, 1925
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Text-fig. 22. Palaeobiogeographic distribution of Turonian gastropod species, possibly described from the 
Sergipe Basin, Brazil (map adapted and modified, based on Blakey 2008).  
Turbo portentus White, 1887
Pseudamaura bulbiformis bulbiformis (Sowerby in 
Sedgwick and Murchison, 1832)
Pseudamaura bulbiformis borealis (Frech, 1887)
Mesalia hebe White, 1887
Mesalia shumardi Stephenson, 1953
Turritella vertebroides Morton, 1834
“Cerithium” riachuelanum Maury, 1937
“Cerithium” harttii White, 1887
“Cerithium” tenouklense (Coquand, 1862)
Gyrodes acutimargo (Roemer, 1841)
Gyrodes biangulata (Shumard, 1860)
Gyrodes edura (Stoliczka, 1868) 
Gyrodes supraplicatus (Conrad, 1858)
Aporrhais dutrugei (Coquand, 1862)
Piestochilus bleicheri (Thomas and Peron in Peron, 1889)
Tylostoma brasilianum Maury, 1925
Trophon progne White, 1887
Volutomorpha aspera Dall, 1907
Nerinea riachuelana Maury, 1937 Cylichna secalina Shumard, 1861
Turonian landmass
Turonian
Turonian
Trans-Saharan 
Seaway
Western Interior
Seaway
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9. PALAEOECOLOGY 
 
9.1 VETIGASTROPODA Salvini-Plawen, 1980 
 The Vetigastropoda is a hugely diverse, marine group with c. 3700 Recent species, 
common in most marine habitats (intertidal to deep sea), also in hydrothermal vents, cold 
seeps and wood falls (Geiger et al. 2008).  
 
9.1.1 TURBINIDAE Rafinesque, 1815 
 The family Turbinidae, in the Sergipe Cretaceous represented by Turbo Linnaeus, 1758, 
is in Recent environments common in tropical and temperate zones. The highest diversity 
occurs in the tropical Indo-West Pacific and most species prefer tropical or subtropical 
temperatures. However, few species live in temperate waters in the Indo-West Pacific, for 
example, around New Zealand, South Africa, southern Australia, northern East Pacific, the 
Mediterranean sea and around northern Japan (Williams 2007).  
 Hickman and McLean (1990) characterized the family Turbinidae as most common in 
shallow waters, on rocky shores of the intertidal to shallow subtidal zone and on carbonate 
platforms, but also in deeper waters on sand and mud. 
 Recent Turbo graze algae on hard substrates (Bandel and Wedler 1987). 
 
9.2 CAENOGASTROPODA Cox, 1960 
 According to Ponder et al. (2008), caenogastropods live in a wide range of habitats and 
most families are marine. 
 
9.2.1 PSEUDAMAURINIDAE Kowalke and Bandel, 1996 
 According to Bandel (2006), the genus Pseudamaura Fischer, 1885, described here from 
the Sergipe Upper Cretaceous, lived in lagoonal environments.  
 
9.2.2 TURRITELLIDAE Lovén, 1847 
 Representatives of the family Turritellidae Lovén, 1847, in the Sergipe Cretaceous 
represented by the genera Mesalia Gray, 1842, and Turritella Lamarck, 1799, live 
predominantly burrowed in soft substrate in shallow waters (Bandel 2006). Species of this 
family often live together in large populations; therefore sedimentary rocks with accumulation 
of specimens are common (Bandel 2006). Allmon (1988) suggested that Recent turritellids 
are most abundant in cool waters (< 20 °C), associated with coastal upwelling, and rare in 
warm environments (Allmon 1992). Kollmann (2005a) reported fossil Turritellidae from 
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rocks formed below the storm wave base of the outer shelf zone from Gosau (Austria) and 
Harzvorland (Germany). Parts of the Tethyan Cretaceous of North America (Texas, USA) 
represent carbonate platform deposits of deeper-water environments. The gastropod fauna 
there consists predominately of large deposit-feeders, such as turritellids (Kollmann 1992).  
Mesalia, with possibly six Recent species, occurs in the coastal waters of southern 
Portugal, south-west Spain, Mediterranean Sea, the Canary Islands and the north-western 
coast of Africa (Squires and Saul 2007). 
 Recent Turritella habitats are characterized by nearly continuous coast lines or 
archipelagos bordering seas of nearly constant temperature (Marwick 1957), with an optimum 
temperature between 15 and 20 °C, but Turritella also tolerates lower or higher temperatures 
between 2 and 24 °C (Allmon 1988). Ornamentation diversity, size and colour intensity of 
organisms is higher in tropical areas (Merriam 1942). Specimens live in a wide water depth 
but below the zone of water movement (Kollmann and Odin 2001). Squires and Saul (2006) 
concluded on the basis of Thorson (1957), Yonge and Thompson (1976), Saul (1983b), 
Squires (1984) and Allmon (1988) that most Recent Turritella species preferably live in 
depths between the low intertidal zone and approximately 100 m. Nevertheless, the genus has 
been found in depths down to 1500 m. Recent species live in shallow shelf water, with “areas 
of muddy gravel”, buried in the mud (Yonge 1976). Turritella stays immobile, buried in the 
substrate for days (Yonge 1946). Merriam (1942) noted that turritellids are not restricted to a 
particular type of substrate. According to Bandel (2006), turritellids are suspension-feeders, 
Bandel and Wedler (1987) noted that Turritella is a filter-feeder (e.g., ciliary-feeder (Yonge 
1946, 1976)), whereas Allmon (1988) noted that most species known are mainly ciliary 
suspension-feeders, but some or all are at least part of the time deposit-feeders or grazers. 
Recent turritellids show that the production of phytoplankton is high enough to feed filter-
feeders (Kollmann 1980). Specimens can occur Recent and fossil in great numbers (Merriam 
1942), with up to 500 individuals/m2 (e.g., Venezuela; Petuch 1976).  
 
9.2.3 CERITHIIDAE Fleming, 1822 
 Twenty-five Recent genera belong to the family Cerithiidae with many hundred species 
(Houbrick 1988), living in shallow water, collecting algae on hard and soft substrates (Bandel 
and Wedler 1987; Bandel 2006). According to Houbrick (1988), Cerithiidae live mainly 
marine, on soft bottom habitats, between the high intertidal to the deep sea in tropical areas. In 
the Sergipe Cretaceous the family is represented by “Cerithium” Bruguière, 1789. Cerithium 
lives on algal mats and substrate in the littoral zone (Bandel 2006), grazing and collecting 
algae and plants (Bandel and Wedler 1987). 
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 The most diverse Recent cerithiid fauna is found in tropical and subtropical areas of the 
Indo-Pacific provinces. Here, over 70 % of the estimated 60 recognized species of Cerithium 
Bruguière, 1789, are concentrated. The genus is a detritus-algal feeder, commonly occur in 
large populations (Houbrick 1992). The occurrence of cerithiids shows that enough plant 
particles are present epi- and endobenthic (Kollmann 1980). 
 Until detailed investigations have been made, the ecological conclusions for “Cerithium” 
are uncertain. 
 
9.2.4 NATICIDAE Guilding, 1834 
 Mesozoic naticids, in the Sergipe Cretaceous represented by Gyrodes Conrad, 1860, and 
Euspira Agassiz in Sowerby, 1838, belonged to the burrowing, infaunal communities 
(Kollmann 1982b) on soft substrates, ploughing through the substrate, searching for prey 
(Kollmann 1992). 
 Naticidae are carnivorous gastropods, hunting within the substrate and drilling holes 
through the shell of the prey to extract the body (Bandel and Wedler 1987). Kollmann (2005a) 
noted that Gyrodes occurs in the Upper Cretaceous Gosau Beds, Austria, in outer-shelf 
sediments, formed below the storm wave base.  
 
9.2.5 APORRHAIDAE Gray, 1850 
 The family Aporrhaidae is in the Sergipe Basin represented by Aporrhais da Costa, 1778; 
Drepanocheilus Meek, 1864; Piestochilus Meek, 1864, and Anchura Conrad, 1860. Parts of 
the Tethyan Cretaceous of Texas (USA), representing carbonate platform deposits of deeper 
waters, was inhabited predominantly by deposit-feeders, such as aporrhaids (Kollmann 1992) 
and the occurrence of aporrhaids shows that enough plant particles are present epi- and 
endobenthic (Kollmann 1980).  
 Yonge (1937) reported two Recent Aporrhais species (A. pespelecani Linnaeus, 1758, 
and A. serresiana Michaud, 1828), which both, in various ways, burrow into the soft substrate 
and noted that Aporrhais grazes on the substrate, feeding on diatoms and algae. Subsequent 
authors extended Yonge’s results and confirmed that aporrhaids burrow into the ground (e.g., 
Barnes and Bagenal 1952; Perron 1978). Recent representatives live in soft, sandy to silty 
substrates (Kollmann 1982b). 
 Recent Drepanocheilus occurs, for example, in the western Atlantic from the U.S. coast 
(North Carolina) to the Arctic (Canada) and Greenland, in depths between 10 to at least 220 m 
(Kronenberg 1992). 
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 Anchura lived semi-infaunally and was a deposit- and detritus-feeder (Fürsich et al. 
1995). 
 
9.2.6 TYLOSTOMATIDAE Stoliczka, 1868 
 The genus Tylostoma Sharpe, 1849, a carnivorous gastropod, lived mostly on shelf basin 
substrates below the storm wave base (Kollmann et al. 2003) and on substrates of deeper 
water environments of carbonate platforms (Kollmann 1992). 
 
9.2.7 EPITONIIDAE Berry, 1910 
 Recent Epitoniidae, in the Sergipe Cretaceous represented by Acirsa Mörch, 1857 and 
Epitonium Röding, 1798, occur world-wide from the lower intertidal to abyssal zone, 
associated with coelenterates, ectoparasites or predators (Kilburn 1985). Epitonium hunts on 
sea anemones (Bandel and Wedler 1987).  
 
9.2.8 FASCIOLARIIDAE Gray, 1853 
 The family Fasciolariidae is in the Sergipe Basin represented by Fasciolaria Lamarck, 
1799. This carnivorous gastropod (Bandel and Wedler 1987) lives in seagrass beds, but also 
in other habitats (Mikkelsen et al. 1995). 
 
9.2.9 MURICIDAE Rafinesque, 1815 
 Recent Trophon Montfort, 1810, are common along the southern coast of South America 
and, as far as known, are all predators, feeding on mussel banks and barnacles (Pastorino and 
Scarabino 2008).  
 
9.2.10 VOLUTODERMIDAE Pilsbry and Olsson, 1954  
 The family Volutodermidae is in the Sergipe Basin represented by Volutilithes Swainson, 
1829, and Volutomorpha Gabb, 1877, which so far have not been the subject of ecological 
investigations. 
 
9.2.11 PYROPSIDAE Stephenson, 1941 
The family Pyropsidae is in the Sergipe Basin represented by Pyropsis Conrad, 1860. 
Squires (2011) noted that Cretaceous north-east Pacific Pyropsis specimens (Vancouver 
Island, British Columbia southward to southern California) occurred in shallow-marine 
habitats. He concluded, based on Kiel (2002), that the genus lived in warm-temperate marine 
environments near to the tropical realm. 
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9.3 HETEROBRANCHIA Gray, 1840 
 
9.3.1 NERINEIDAE Zittel, 1873 
 The family is in the Sergipe Cretaceous represented by Nerinea Deshayes, 1827. 
According to Kollmann (1992), there are few studies about the ecology of upper Lower and 
Upper Cretaceous nerineids, and the problems are a result of the heterogeneous habitats. This 
makes the ecological interpretation variable. The relationship to soft substrates appears to be 
firmly established, but nerineids radiated from the Aptian onwards into different habitats.  
 Sirna (1995) noted that nerineids lived in all carbonate platform environments. They are 
often found in grainstones, representing high-energy fore-reef zones, wackestones and 
packstones, representing medium-energy back reefs and in mudstones, representing low-
energy lagoonal zones. Nerineids normally occupied carbonate-bearing substrates (Barker 
1990). Their heavy shells could only be transported over short distances. This indicates that 
nerineids represented an autochthonous thanatocoenosis (Dauwalder and Remane 1979; 
Wieczorek 1979). 
 Shikama and Yui (1973) reported Nerinea from the Cenomanian of Japan (Nerinea spp.) 
and noted that it is common in every facies (biomicrite of lagoons to biosparite containing 
arenite-sized debris of fairly off-shore reefs). Nerinea lived in infaunally shallow water and 
was possibly a suspension-feeder (Fürsich et al. 1995).  
 
9.3.2 RINGICULIDAE Fischer, 1883 
 Kollmann and Odin (2001) noted that the genus Avellana d’Orbigny, 1842, which is 
represented in the Sergipe Cretaceous, feeds on algae and that this conclusion results from 
Recent comparisons.  
 
9.3.3 BULLIDAE Lamarck, 1801 
 Recent specimens of the family Bullidae, represented in the Sergipe Basin by Bulla 
Linnaeus, 1758, live world-wide in tropical and temperate regions, on intertidal flats, in tide 
pools and down to water depths of 70 m. Bulla prefers substrates of sand, mud, gravel, green 
algae and seagrass (Malaquias and Reid 2008). Atlantic Bulla species (continental slope of 
Brazil) live in depths between 300 and 1330 m (Benkendorfer and Soares-Gomes 2009). 
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9.4 INFORMAL GROUP BULLOMORPHA Pelseneer, 1906 
 Recent Cylichna Lovén, 1846, occurs in the Atlantic, for example, Brazil, on the 
continental shelf at 25–200 m depths (Benkendorfer and Soares-Gomes 2009), along the 
Pacific coast of Japan (down to 1533 m) and in the Sea of Japan (down to 2555 m) (Chaban 
and Chernyshev 2012). 
 
 
9.5 PALAEOECOLOGICAL CONSIDERATIONS, BASED ON OTHER 
MACROINVERTEBRATE GROUPS 
 
Andrade (2005) concluded that the Sergipe macrofauna suggests a decrease in water 
depth from the early to late Turonian. This is indicated by the change from dominantly 
inoceramid and ammonite assemblages in the early and part of the middle Turonian to 
assemblages with higher proportions of non-inoceramid bivalves, gastropods and echinoids. 
The bivalve fauna is highly diverse and includes epifaunal, semi-infaunal and infaunal taxa. 
Seeling and Bengtson (1999) noted that Cenomanian oysters of Sergipe occur in 
accumulations, representing generally shallow water. Lower Turonian oysters are scarce or 
absent. They noted that this is probably a result of the Cenomanian–Turonian transgression, 
because the water became too deep for oysters. There are indications that at least parts of the 
Sergipe oysters represent a transported fauna. This is reflected in the size differentiation of 
specimens observed at different localities, possibly an effect of sorting by sedimentary 
processes. The authors (Seeling and Bengtson 1999) concluded that this indicates transport 
under high-energy conditions, but of short duration, as abrasion and breakage are usually low. 
Seeling and Bengtson (2003) described the bivalve Pinna cretacea (Schlotheim, 1813) 
from the Cenomanian to Coniacian of Sergipe and noted, based on Yonge (1953), Stanley 
(1970) and Butler et al. (1993), that Recent Pinnidae Leach, 1819, live mainly in water depths 
between a few metres down to c. 50 m. In sheltered areas they can also be found in very 
shallow waters, down to the intertidal zone. The authors (Seeling and Bengtson 2003) noted 
that Pinnidae are suspension-feeders, attached to coarser particles in the substrate by their 
byssus threads, maintaining a vertical position in sandy or muddy substrates. They assume for 
the Sergipe P. cretacea a semi-infaunal mode of life.  
 Seeling (1999) described two morphotypes of inoceramids from Sergipe. The upper 
Cenomanian specimens of Inoceramus Sowerby, 1814, are small and moderately convex, 
living byssally attached and epifaunally, reclining on the substrate. They occur in middle to 
inner shelf palaeoenvironments. He described the Turonian specimens of Mytiloides labiatus 
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(Schlotheim, 1813) as small to medium-sized, only slightly convex and subequivalved. They 
are weakly byssate, semi-infaunal or reclined freely on the left valve. According to Elder 
(1987), this is consistent with a middle to outer shelf palaeoenvironment. Seeling (1999) 
noted that inoceramids are very rare in the upper Cenomanian of Sergipe; three species were 
identified, each represented by only one specimen. In the lower Turonian inoceramid species 
are extremely abundant (Mytiloides Brongniart in Cuvier and Brongniart, 1822), which 
probably reflects increasing water depth. 
Seeling (1999) noted that within the non-ostreine and non-inoceramid bivalves in the 
Sergipe Basin, represented by Neithea Drouet, 1825, Plicatula Lamarck, 1801, or Limea 
Bronn, 1831 (Pseudolimea Arkell in Douglas and Arkell, 1932), the epifaunal suspension-
feeders are dominant and, additionally, rare genera, such as Modiolus Lamarck, 1801, 
Brachidontes Swainson, 1840, and Isognomon Lightfoot, 1786, represent this habitat. Based 
on Stanley (1972) he noted that they can also represent a semi-infaunal mode of life. Also a 
moderately diverse, infaunal, suspension-feeding bivalve fauna is present but rare, except for 
Astarte (Freiastarte) similis Münster in Goldfuss, 1837, and Paraesa faba (Sowerby, 1829). 
Many of his described bivalves show a mode of life reclining on soft substrate (e.g., Neithea). 
He noted, based on McAlester and Rhoads (1967) and Stanley (1970), that infaunal, detritus-
feeding bivalves are rare and normally common in marine, fine-grained substrates. However, 
despite the late Cenomanian−early Turonian fine-grained substrate, infaunal deposit-feeders 
are rare and less diverse, in contrast to the diverse infaunal suspension-feeding bivalves. 
Seeling (1999) explained this fact by the occurrence of the echinoid Mecaster batnensis 
(Coquand, 1862), which can occupy niches normally inhabited by deposit-feeding bivalves 
and thus restrict the occurrence of this bivalve group.  
Smith and Bengtson (1991) noted that echinoids are relatively good indicators of 
palaeonvironmental conditions, as a result of their generally high facies dependency. For the 
middle Cretaceous (Albian to Coniacian), Smith and Bengtson (1991) differentiated three 
groups of echinoids. The succession of the three groups probably reflects increasing water 
depth, together with decreasing nutrient supply, as has been reported by Zaghbib-Turki 
(1989). The first assemblage is the most diverse and dominated by algivores and bulk-
substrate swallowers, which represent, compared to Recent data, shallow shelf platform 
environments, because the abundance of these representatives decrease dramatically in water 
depths below 50 m. Beds with Phymosoma binexilis White, 1887, represent deposits of the 
infralittoral zone, not deeper than normal wave-base. The second assemblage shows a 
significantly lower diversity of regular echinoids. Spatangoids, which are infaunal, selective 
deposit-feeders, are relatively common. Bulk-substrate swallowers are absent and the less 
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common regular echinoids indicate deeper water. The common occurrence of Mecaster is an 
indication of relatively high water temperatures. The third assemblage is represented by 
selective echinoid deposit-feeders. The fauna is still dominated by Mecaster, representing 
relatively warm water conditions. Seeling (1999) drew three conclusions from the exclusive 
occurrence of the echinoid M. batnensis around the Cenomanian to Turonian boundary in the 
Sergipe Basin: (1) this echnoid is an indicator for relatively high water temperatures (based on 
Zaghbib-Turki 1989; Néraudeau and Floquet 1991), because in low water temperatures it has 
short, only poorly developed petals (based on Smith and Bengtson 1991), (2) the 
monospecific occurrence of the infaunal Mecaster and the absence of bulk-substrate 
swallowers and regular echinoids suggest deeper environment than that of the more diverse 
fauna in the middle Cenomanian (based on Smith and Bengtson 1991) and (3) Mecaster has 
more narrow and relatively open ambulacra, than in M. batnensis, representing deeper water 
of an outer platform (based on Néraudeau and Floquet 1991).  
Only the brachiopod Lingularia? notialis has been described by Holmer and Bengtson, 
2009, from the Upper Cretaceous of the Sergipe Basin. Holmer and Bengtson (1996) 
concluded that the absence, except for lingulid species and an indeterminate discinid, is a 
result of prevailing high organic productivity levels in the tropical South Atlantic waters. 
Only lingulids and discinids tolerated oxygen-deficient bottom conditions resulting from high 
organic productivity. 
 Seeling (1999) noted that gastropods are less common than other benthic groups in the 
Sergipe Basin. He remarked on the basis of Fürsich (1977) that gastropods provide less 
information about the palaeoenvironment than bivalves and that often species of the same 
genus occupy completely different niches. Seeling (1999) noted that palaeoecological 
information about gastropod habitat and trophic grouping in the literature on Sergipe faunas is 
sparse. He remarked that two of the ten species described by him are semi-infaunal 
suspension-feeders. 
 
 
 Palaeoecological information on the gastropod taxa from the Sergipe Basin is rare, 
because families represent a broad habitat and Recent genera provide little information (e.g., 
Fasciolaria, Pseudamaura, Mesalia) or have not been the subject of detailed ecological 
investigations (e.g., Volutilithes, Volutomorpha). Turritella provides details of the marine 
habitats, but most families contribute to the picture of an environment of shallow, moderately 
warm water, with soft substrate and bottom water with sufficient nutrients, plankton, algae 
and detritus. The Sergipe fauna shows no significant change at the Cenomanian–Turonian 
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boundary. The fauna radiated in the late middle Cenomanian and reached its highest diversity 
in the Turonian. Compared with previous studies on macrobenthic invertebrates (Smith and 
Bengtson 1991; Seeling 1999; Andrade 2005; Holmer and Bengtson 2009) the Sergipe 
gastropods confirm the results of shallow, moderately warm marine environment with soft 
substrate and a high supply of organic matter. 
 
 
9.6 OCEANIC ANOXIC EVENT 2 (OAE 2) − THE CENOMANIAN−TURONIAN 
BOUNDARY 
 
The Cenomanian−Turonian boundary is of great palaeoecological interest, because an 
apparently global event, the oceanic anoxic event 2 (OAE 2, Bonarelli Event; Schlanger and 
Jenkyns 1976; Jenkyns 1980, 1999), characterized this period. It is the most prominent and 
widespread documented oceanic anoxic event in earth history (Friedrich et al. 2006) and 
resulted in regional deposition of black shales, where the contained organic matter originated 
from increased primary productivity or enhanced preservation (Schlanger and Jenkyns 1976; 
Schlanger et al. 1987). The background and processes for the OAE 2 have become clearer 
over the last years (e.g., Poulsen et al. 2001; Turgeon and Creaser 2008; Blumenberg and 
Wiese 2012; Van Bentum et al. 2012). 
 The Cenomanian–Coniacian Cotinguiba deposits resulted from a relative sea level rise, 
which induced the drowning of the Aptian–Albian Riachuelo platform. The Cotinguiba 
sediments were deposited in neritic to upper bathyal environments of a carbonate ramp. The 
Sergipe succession shows no typical record of black shales, but organic-rich rocks, containing 
lipid-rich Type II kerogen, were reported by Koutsoukos et al. (1991), which indicates anoxic 
conditions in the Sergipe Basin. 
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10. THREE-DIMENSIONAL (3D) VISUALIZATION WITH GIGAMESH 
 
Three-dimensional (3D) measuring instruments are used in various scientific research 
areas, such as archaeology, anthropology and medicine (e.g., Yang et al. 2000; Li et al. 2010; 
Lee et al. 2005). The advantages lie in documentation and the use of 3D models for 
morphological analysis, digital preservation and archiving. 3D scanners have been used since 
the 1980s. This technique is growing and has become increasingly popular in recent years, 
also in palaeontology. The Cretaceous gastropods of Sergipe form a prime example of a 
taxonomically difficult fossil group with few morphological characters preserved. Digital 
documentation, preservation and visualization are expected to improve the taxonomic 
accuracy of this group.  
 
 
10.1 METHODS AND 3D VISUALIZATION 
 
Different methods of data acquisition are summarized by Sutton (2008), Mallison (2011) 
and Tschopp and Dzemski (2012): laser scanners, optical/structured light scanners, computed 
or computer tomography (CT, including microCT) and magnetic resonance tomography 
(MRT). Forthcoming publications will forward this rapidly developing technique, including 
new software and databases. 
In this study 3D scans were produced with a portable, optical 3D surface scanner 
(Breuckmann smartSCAN 3D-HE; Mara 2012, p. 24, figure 2.5). This scanner is based on the 
principles of structured light and stereo, including three digital cameras and was provided by 
the Interdisciplinary Center for Scientific Computing (IWR), Heidelberg University. The 
scanner has an average resolution of 300 dpi, with a maximum of c. 500 dpi. Mara (2012) 
provided detailed information about optics and resolution of the Breuckmann smartScan 
scanner. Mara et al. (2010) and Mara (2012) reported various kinds of cuneiform scripts 
visualized with the software GigaMesh and extracted the highly variable handwritten 
cuneiform characters from high-resolution 3D models. 
To receive a complete 3D data file, two hours, including post-processing, are needed for 
one medium-sized gastropod. The 3D data is exported as a Stanford Polygon file (.PLY), 
which has an open specification and is widely used in 3D Computer Vision and Computer 
Graphics. Two Sergipe gastropod specimens, nos. C37.11 and C28.11, were scanned in 
several steps with the Breuckmann OPTOCAT software (file size: high resolution 373 or 141 
MB; preview 48 or 18 MB). The acquired 3D models show the original colour (Text-fig. 
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25.2). Afterwards, the 3D models were visualized with GigaMesh. The method is based on 
Multi-Scale Integral Invariants (MSII) (Pottmann et al. 2009). MSII filters, applied to 
surfaces, produce so-called “feature vectors”. These vectors describe the surface curvature 
and can be used for visualization false colours (the original colour can be changed into, for 
example, black-and-white, as shown in Text-figs 23 and 25.3). Briefly, the volume calculation 
and its intersection with spheres are obtained by converting the mesh in a volume-based 
illustration using voxels (3D equivalent of a pixel). The software GigaMesh also provides the 
possibility to rotate and zoom within the 3D model and to generate screenshots from different 
positions, as well as creating interactive animations and videos, using Adobe Flash. Text-figs 
23 and 24 show true-to-scale parallel projections, using a virtual light source, illustrated as a 
“fat cross” in false colours, showing all six views of the 3D model. The screenshots can be 
edited with different positions of the light source or without light and thus can enhance 
various aspects of the surface and the morphology. Text-fig. 25 shows (1) the black-and-white 
2D digital picture (same camera as above), (2) the same specimen 3D visualized, original 
colour, (3) same external mould, 3D visualized, in black-and-white (false) colour and (4) as 
false colour by height using a virtual light source.  
Text-fig. 26 shows the same methods used for Text-figs 23 and 24. Specimen no. C28.11 
is figured in false colours (black-and-white, black–red–yellow–white) with and without light 
source, using correlation and auto-correlation of the curvature-based feature vector computed 
by MSII filtering with two different mathematical algorithms (for details, see Mara 2012). 
The combination of these illustrations shows additional surface characters of the specimen. 
The border of the wing-like outer lip of specimen C28.11 is visible in detail after using false 
colours with and without light source and MSII filter correlation. Also, the suture is distinctly 
visible and the individual whorls are clearly defined. The remaining ornamentation, for 
example, the axial ribs, visualized with auto-correlation of the curvature-based feature vector, 
can be seen more clearly in Text-figs 26.2 and 26.3, and the forked-like wing, especially the 
posterior part, can be seen more clearly in Text-figs 26.5 and 26.6. 
 
 
10.2 OUTLOOK 
 
In addition to the obvious advantages (e.g., digital preservation, 3D printing), 3D 
scanning methods for evaluation of 3D data and new software are becoming increasingly 
important in palaeontological research. Today, 3D data acquisition is limited by various  
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Text-fig. 23. 3D model screenshots of specimen no. C37.11, using a virtual light source and true-to-scale parallel 
projection (false colours). The mould is visualized from different positions. The light source creates shadows, 
which mask the surface resulting in the imperceptibility of the potential ornament, but the shadows can be 
positioned variably in order to render the ornamentation more clearly visible. From top downward: posterior 
view, anterior view, apertural view. From left to right: dorsal view, apertural view and two intermediate views. 
This type of view is referred to as the so-called “fat cross”.  
 
 
 
 
 
 
 
10 mm
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Text-fig. 24. 3D model screenshots of specimen no. C37.11, using the MSII filter response, represented in false 
colours. Dark colours indicate concave, orange and yellow flat and white convex areas. For these screenshots, no 
virtual light was used. Therefore, ornamentation is visible, which was located in shadow before. Note that all 
shadows have vanished and the surface is visible with all character details. The colour is arbitrary. Taxonomic 
relevant characters are visible, such as the suture, the aperture, and the surface shows all details objectively. The 
view is the same as in Text-fig. 23. 
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Text-fig. 25. Specimen no. C28.11, illustrated with different visualization methods: (1) black-and-white 2D 
digital shot with high contrast (Canon IXUS 90, 7,1 mega pixel), finished with Adobe Photoshop; (2) same 
external mould, 3D visualized, screenshot, original colour, (3) same external mould, 3D visualized, in black-and-
white and (4) false colour by height using a virtual light source.  
 
 
 
 
factors, summarized by Mallison (2011), for example, only data, no physical object and no 
weight or colour can be acquired. Here, the Breuckmann smartSCAN 3D-HE and OPTOCAT 
provide optical scans in original colour. Mallison (2011) pointed out that the selected 
technique to acquire 3D data is determined by the project, the aim and the material studied 
and that costs should always be considered, i.e., the initial expenses for computer and 
software and operating costs for acquisition, file editing, data storage, etc. 
Here, the software GigaMesh provides the possibility to reproduce surface details without 
damaging the original material and not only to illustrate but also to accentuate existing 
remains of characters and morphological information. In the present study, the wing-like outer 
lip and the border of the external mould of specimen no. C28.11 are rendered more distinct 
(1) (2)
(3) (4)
10 mm
10 mm
10 mm
5 mm
0 mm
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with the auto-correlation of the curvature-based feature vector. Therefore, the combination of 
curvature-based visualization methods, in addition to an altitude profile, can enhance 
morphological characters. Moreover, quantitative conclusions about the ornamentation, suture 
or other details can easily and reproducibly be determined in a forthcoming step. For example, 
suture depth is digitally and thus more easily measurable with high reproductivity, as well as 
other diagnostic characters, for example, whorl flexion, apical angle, spiral angle, height and 
width.  
 
 
 
 
 
 
Text-fig. 26. Specimen no. C28.11, illustrated with different visualization methods; 3D model shown with false 
colours, with and without light source using MSII filter: (1, 2, 3) correlation and (4, 5, 6) auto-correlation of the 
curvature-based feature vector; (2, 3) and (5, 6) with light source, (1, 2, 4, 5) in black-and-white colours and (3, 
6) in black–red–yellow–white. Note that the morphological characters are visible in detail. The axial ribs in (2) 
and (3) are distinctly visible on the spire, especially (5) and (6) show the border of the wing-like outer lip and the 
suture of the external mould more distinctly than in the 2D picture (Text-fig. 25.1) or 3D screenshots in Text-figs 
25.2 and 25.3. 
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The advantages and disadvantages compared to other similar methods generating 3D data 
could not yet be examined in detail for time reasons. Obvious advantages are the portable 3D 
scanner, which can be used for fieldwork and there is no potentially damaging physical 
contact with the specimen. Thereafter it is possible to print the model with a 3D printer in 
different sizes (true to scale) and using different materials. A disadvantage is that only the 
surface is reproduced, not the inside of specimens. GigaMesh is currently a prototype and 
therefore the mathematical background has to be understood and training in its use is required. 
However, as it is based on Open Source having a Graphical User Interface (GUI) the software 
is expected to become more intuitive and user-friendly. 
The results of this study substantiate the evidence that 3D scanning and visualization 
with, for example, GigaMesh has the potential to become a basic method in systematic 
palaeontology for documentation, storage and quantitative comparison of morphological 
characters. 
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11. DISCUSSION AND CONCLUSIONS 
 
In the 1970s and early 1980s, J.P. Lefranc†, Montpellier, (see p. 9) made preliminary 
determinations of the material studied here (Lefranc 1977; Lefranc in Bengtson 1983). In his 
working notes, references to specimen numbers are often missing (e.g., Trochus (Eucyclus) cf. 
lapeyrousei d'Archiac). This and the fact that some specimens have been lost (see p. 9) make 
a detailed comparison difficult. Table 1 lists the determinations of Lefranc (1977), Lefranc in 
Bengtson (1983) and Bengtson (1983), with the revised determinations of this study, as far as 
feasible. 
 
 
 
 
Table 1. Revision of determinations of Lefranc (1977) and Lefranc in Bengtson (1983). 
Lefranc (1977) Lefranc in Bengtson (1983) and  Bengtson (1983)* Lexen (this study) 
Acera browni White Acera browni White Cylichna secalina? Shumard, 1861; Avellana? sp.; Bulla? sp. 
Ampullina (Pseudomaura) bulbiformis 
(Sowerby) 
Ampullospira (Amauropsis) bulbiformis (Sowerby); 
Ampullina (Pseudamaura) bulbiformis (Sowerby) Pseudamaura? bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Avellana (Ringinella) pinguiscula (White) Ringinella pinguiscula White;  Avellana (Ringinella) pinguiscula White Avellana? sp. 
Chenopus (Helicaulax) subgibbosus 
Pervinquière Chenopus (Helicaulax) subgibbosus Pervinquière Anchura? sp. 
Mesorhytis cf. gasparini (d’Orb.) Mesorhytis cf. renauxianus (d’Orbigny); Mesorhytis cf. gasparini (d’Orbigny) Volutomorpha? aspera? Dall, 1907; Piestochilus? (Cryptorhytis?) sp. 
Piestochilus (Cryptorhytis) cf. thevestensis 
(Coquand) Piestochilus (Cryptorhytis) cf. thevestensis (Coquand) Piestochilus? (Cryptorhytis?) sp. 
Pterocera cf decussata Zekeli Pterocera (Dicroloma?) aff. decussata (Zekeli); Pterocera cf. decussata Zekeli Drepanocheilus? sp.; Aporrhais? sp.; Turritella? sp. A; Avellana? sp. 
Trochus (Eucyclus) cf. lapeyrousei 
d'Archiac Trochus (Eucyclus) cf. lapeyrousei d'Archiac specimens missing 
Turritella (Haustator) carregozica Maury Turritella (Haustator) carregozica Maury Turritella sp. A 
Voluta (Aulica ?) cf. cretacea (Coq.) Voluta (Aulica) aff. cretacea (Coquand) Tylostoma? brasilianum?  Maury, 1925 
Voluta (Rostellites) cf. elongata (d’Orb.) Voluta (Rostellites) cf. elongata (d’Orbigny) Volutomorpha? aspera? Dall, 1907 
  Chenopus (Drepanochilus) aff. costae (Choffat) Drepanocheilus? sp. A; Avellana? sp.; Aporrhais? sp.  
  Aporrhais sp.* Aporrhais? sp. 
  Tylostoma spp.* Tylostoma? brasilianum? Maury, 1925;  Tylostoma? sp. A; Tylostoma? sp. B; Tylostoma? sp. C 
  Fusus sp.* Piestochilus? (Cryptorhytis?) sp. 
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 Work on the Sergipe material underscores the problem that gastropod classification based 
on internal moulds lacking diagnostic characters suffers from large uncertainties. The 
protoconch, which is only visible in completely preserved shells, is in general missing and 
only information, such as general shape, whorls (shape and ornamentation), suture and 
aperture contribute to the determination. Size is also a vague and variable character, because 
most specimens described here are incomplete. Several diagnoses are in need of systematic 
revision (e.g., Gyrodes, Piestochilus).  
 
 The fauna comprises 16 families (including Bullomorpha) with 47 taxa in three 
subclasses (Text-fig. 27). Most families are represented by one or two genera. Only the 
Aporrhaidae is represented by four genera. Because of poor preservation, 301 specimens 
(28 %) are indeterminate. They are clearly gastropods, but only parts are preserved (single 
whorls, incomplete moulds without enough morphological characters, etc.), so even 
classification to subclassis not possible.  
 
 
 
 
 
Text-fig. 27. Diversity of the Cenomanian–Turonian gastropods of Sergipe. Number of taxa for the subclasses 
Caenogastropoda, Heterobranchia and Vetigastropoda. 
 
 
 
 145 
 
 The dominance of the Caenogastropoda indicates soft substrates in the Sergipe Basin 
during the Cenomanian and Turonian (and possibly early Coniacian), suitable for infaunal and 
endobenthic life, contrary to Archaeogastropoda, which preferred rocky shore habitats 
(Bandel and Wedler 1987; Hickman and McLean 1990). The dominant family Aporrhaidae 
(278 specimens) is represented by the genera Aporrhais, with 126 specimens (45 %), 
Drepanocheilus with 43 specimens (15 %), Piestochilus with 49 specimens (18 %) and 
Anchura with 60 specimens (22 %) (Text-fig. 28). There is a dominance of taxa, burrowing 
into the substrate. This leads to the conclusion that the sediments in the Sergipe Basin were 
soft and muddy, with nutrient-rich bottom water. The global OAE 2 characterized the 
Cenomanian−Turonian boundary, but the Sergipe succession shows no typical record of black 
shales. Koutsoukos et al. (1991) reported indications for anoxic conditions in the basin. The 
Sergipe gastropod fauna shows no reaction or significant change at the Cenomanian–Turonian 
boundary. The fauna radiated during the late middle Cenomanian und reached its highest 
diversity in the basin during the Turonian. 
 
 The Cenomanian to Turonian (possibly early Coniacian) taxa are similar to those of 
Europe (Austria, France), South America (Brazil), West and Middle Africa (Gabon, Nigeria), 
North Africa (Egypt, Tunisia, Algeria), the Middle East, Madagascar and North America 
(USA), corresponding to the Tethys, the Western Interior Seaway and the North and South 
Atlantic. 
 
 The generally poor preservation of the Sergipe gastropods as internal moulds, lacking 
diagnostic characters and the resulting uncertain determinations restrict the possibility to 
establish biostratigraphic units. The dependence of environment and facies and the small 
number of specimens only allow a locally applicable assemblage zone, the upper Turonian 
(possibly extending into the lower Coniacian) Piestochilus? (Cryptorhytis?) bleicheri 
Assamblage Zone. Additionally, the absence of taxa at some localities may be a result of 
preservation and the lack of extensive sections. 
 
3D techniques, using the new software GigaMesh, provide the possibility to visualize 
fossil gastropods. As a result, indistinct surface details can be enhanced, which will lead to 
more reliable taxonomic results. This technique also carries the advantage of leaving the 
original specimens undamaged.  
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Text-fig. 28. Generic diversity within the family Aporrhaidae, represented by the genera Aporrhais, 
Drepanocheilus, Piestochilus and Anchura. The numbers in the columns represent the number of specimens in 
the Sergipe collection. 
 
 
 
 
 147 
 
12. ACKNOWLEDGEMENTS 
 
 
I thank my supervisor Peter Bengtson for helpful discussions, for carefully reading my 
manuscript and providing me with the possibility to do research for a PhD at the Institute of 
Earth Sciences (Heidelberg University). Peter contributed the stratigraphic assignment of the 
individual specimens.  
 
 
I also thank very much Eduardo Koutsoukos (Portimão, Portugal) for reading the manuscript 
and for his continued support.  
 
 
I thank Peter and Suzana Bengtson (Heidelberg, Germany) for providing access to their 
gastropod collection for this study.  
 
 
I thank Steffen Kiel (University of Göttingen), Klaus Bandel (Universität Hamburg) and 
Heinz Kollmann (Naturhistorisches Museum Wien) for their suggestions and advice on 
gastropod systematics, Michael Cofrin (Heidelberg University), David Martill (University of 
Portsmouth) and Andrea Zimnicki for helpful comments and corrections on the manuscript 
and Ron Blakey (Northern Arizona University) for providing data and maps for the 
palaeobiogeographic reconstruction of the Sergipe taxa. 
 
 
In particular, Anne Hildenbrand and Gregor Austermann are acknowledged for listening to all 
my problems and for supplying a lot of chocolate muffins. 
 
 
I thank Hubert Mara and Susanne Krömker for talking about the 3D potential in 
palaeontology, and for opening my mind to new technical methods. Hubert is responsible for 
the images, and the basis for the figures in chapter 10. 
 
 
148 
 
The 3D scanner was provided by the Heidelberg Graduate School of Mathematical and 
Computational Methods for the Sciences (HGS MathComp) at Heidelberg University. 
 
 
I thank the colleagues at The Interdisciplinary Center for Scientific Computing, especially 
Felicitas Hirsch, Martin Neisen, Elke Pietschmann, Markus Ridinger and Gabriela Schocke 
for their open-mind and for listening to my questions and ideas and accompanying the process 
with patience.  
 
 
I thank the entire staff of the Institute of Earth Sciences for all the help, especially Michael 
Bühler, Francisco Cueto and Elfriede Grohmann. 
 
 
Last but not least I am very grateful to Eva and Alfred Winkler and Regina and Walter Lexen 
for their continuous help, support and patience.  
 
 
To all friends and colleagues who helped me in one or another way, my sincere thanks! 
 
 
To ERNST 
I'm lookin’ right at the other half of me 
The vacancy that sat in my heart 
Is a space that now you hold 
(“Mirrors”, Justin Timberlake) 
 
 
 
 
 
 
 
 
 
 149 
 
13. REFERENCES 
 
Abbass, H.L. 1963. A monograph on the Egyptian Cretaceous gastropods. Geological Museum, 
Palaeontological Series, Monograph, 2, 1−146. 
Abdel-Gawad, G.I. 1986. Maastrichtian non-cephalopod mollusks: Scaphopoda, Gastropoda and Bivalvia of the 
Middle Vistula Valley, central Poland. Acta Geologica Polonica, 36, 69−224. 
Abdel-Gawad, G.I. und Zalat, A. 1992. Some Upper Cretaceous macroinvertebrates from Gebel El-Hamra and 
Gebel Um Heriba, Mitla pass, western-central Sinai, Egypt. In: A. Sadek (Ed.), Geology of the Arab 
World. Proceedings of The First International Conference on Geology of The Arab World, Cairo 
University, 2, 333−344. 
Aboul Ela, N.M., Abdel-Gawad, G.L. and Aly, M.F. 1991. Albian fauna of Gabal Manzour, Maghara area, north 
Sinai, Egypt. Journal of African Earth Sciences, 13, 201−220. 
Adanson, M. 1757. Histoire naturelle du Sénégal: Coquillages, avec la relation abrégée d’un voyage fait en ce 
pays, pendant les années 1749, 50, 51, 52 & 53. Voyage au Sénégal, 190 pp. Histoire des Coquillages, 
xcvi + 275 pp. Claude-Jean-Baptiste Bauche; Paris.  
Akers, R.E. and Akers, T.J. 1997. Texas Cretaceous gastropods. Texas Paleontology Series, 6, 1−340. 
Albanesi, C. and Busson, G. 1974. Gastéropodes du Crétacé supérieur de l'Extrême-Sud tunisien et de la région 
du Tinrhert (Sahara algérien). Rivista Italiana di Paleontologia e Stratigrafia, 80, 251−342. 
Allison, E.C. 1955. Middle Cretaceous Gastropoda from Punta China, Baja California, Mexico. Journal of 
Paleontology, 29, 400−432. 
Allmon, W.D. 1988. Ecology of Recent turritelline gastropods (Prosobranchia, Turritellidae): current knowledge 
and paleontological implications. Palaios, 3, 259−284. 
Allmon, W.D. 1992. Role of temperature and nutrients in extinction of turritelline gastropods. Cenozoic of the 
northwestern Atlantic and northeastern Pacific. Palaeogeography, Palaeoecology, Palaeoclimatology, 
92, 41−45. 
Andrade, E.J. 2005. Turonian inoceramids and biostratigraphy of the Sergipe Basin, northeastern Brazil: an 
integrated study of the Votorantim and Nassau quarries, 155 pp. Unpublished PhD thesis, Heidelberg 
University; Heidelberg.  
Andrade, E.J., Bengtson, P. and Bengtson, S.I. 2006. Turonian–Coniacian inoceramid–ammonite biostratigraphy 
of the Sergipe Basin, Brazil. In: J.A.J. Perinotto, I.C. Lino, A.R. Saad, M.L.C. Etchebehere and N. 
Morales (Eds), Boletim do 7° Simpósio do Cretáceo do Brasil – 1° Simpósio do Terciário do Brasil 
[Serra Negra, SP, Brazil, 2–6 April 2006], p. 10. UNESP; Rio Claro.  
Andrade, E.J. and Felix, I.L.C. 2012. Gastrópodos marinhos do Turoniano (Cretáceo superior) da bacia de 
Sergipe. Cadernos de Geociências, 9, 103−111. 
Andrade, E.J., Seeling, J. and Bengtson, P. 2003. Cenomanian−Coniacian (Cretaceous) inoceramid 
biostratigraphy of the Sergipe Basin, Brazil. In: 18. Geowissenschaftliches Lateinamerika-Kolloquium 
[Freiberg, Germany, 3–5 April 2003], Zusammenfassungen der Tagungsbeiträge/Abstracts. Terra 
Nostra: Schriften der Alfred-Wegener-Stiftung, 2003, p. 24.  
Douglas, J.A. and Arkell, W.J. 1932. The stratigraphical distribution of the Cornbrash: II. The north-eastern area. 
Quarterly Journal of the Geological Society of London, 88, 112−170. 
Ayoub Hannaa, W. 2011. Taxonomy and palaeoecology of the Cenomanian-Turonian macro-invertebrates from 
eastern Sinai, Egypt, 410 pp. Unpublished PhD thesis, University of Würzburg; Würzburg.  
Ayoub-Hannaa, W. and Fürsich, F.T. 2011. Revision of Cenomanian−Turonian (Upper Cretaceous) gastropods 
from Egypt. Zitteliana A, 51, 115−152. 
Ayyasami, K., Radhakrishnan, K. and Otta L. 1992. Stratigraphy of the Cretaceous rocks around Kilapalavur, 
Tiruchchirappalli district, Tamil Nadu. Journal of the Palaeontological Society of India, 37, 109−112. 
Bandeira Junior, A.N. 1978. Sedimentologia e microfacies calcárias das formações Riachuelo e Cotinguiba da 
Bacia Sergipe/Alagoas. Boletim Técnico da PETROBRÁS, 21, 17−69. 
Bandel, K. 1991. Character of the microgastropod fauna from a carbonate sand of Cebu (Philippines). 
Mitteilungen aus dem Geologisch-Paläontologischen Institut der Universität Hamburg, 71, 441−485. 
Bandel, K. 2006. Families of the Cerithioidea and related superfamilies (Palaeo-Caenogastropoda; Mollusca) 
from the Triassic to the Recent characterized by protoconch morphology - including the description of 
new taxa. Freiberger Forschungshefte, C 511, 59−138. 
Bandel, K. 2007. About the larval shell of some Stromboidea, connected to a review of the classification and 
phylogeny of the Strombimorpha (Caenogastropoda). Freiberger Forschungshefte, C 524, 97−206. 
Bandel, K. and Frýda, J. 1998. The systematic position of the Euomphalidae (Gastropoda). Senckenbergiana 
lethaea, 78, 103−131. 
Bandel, K. and Wedler, E. 1987. Hydroid, amphineuran and gastropod zonation in the littoral of the Caribbean 
Sea, Colombia. Senckenbergiana maritima, 19, 1−129. 
Barber, W. 1958. Upper Cretaceous Mollusca from north-eastern Nigeria. Records of the Geological Survey of 
Nigeria, 1956, 14−37. 
150 
 
Barker, M.J. 1990. The palaeobiology of nerineacean gastropods. Historical Biology, 3, 249−264. 
Barnes, H. and Bagenal, T.B. 1952. The habits and habitat of Aporrhais pes-pelicani (L.). Proceedings of the 
Malacological Society of London, 29, 101−105. 
Barron, E.J. 1987. Global Cretaceous paleogeography - International Geologic Correlation Program Project 191. 
Palaeogeography, Palaeoclimatology, Palaeoecology, 59, 207−214. 
Bengtson, P. 1979. A bioestratigrafia esquecida – avaliação dos métodos bioestratigráficos no Cretáceo médio do 
Brasil. Anais da Academia Brasileira de Ciências, 51, 535–544. 
Bengtson, P. 1983. The Cenomanian−Coniacian of the Sergipe Basin, Brazil. Fossils and Strata, 12, 1−78. 
Bengtson, P. 1988. Open nomenclature. Palaeontology, 31, 223−227. 
Bengtson, P., Koutsoukos, E.A.M., Kakabadze, M.V. and Zucon, M.H. 2007. Ammonite and foraminiferal 
evidence for opening of the South Atlantic Ocean in the early/mid Aptian (Early Cretaceous). In: G.E. 
Budd, M. Streng, A.C. Daley and S. Willman (Eds), 51st Palaeontological Association Annual Meeting 
[Uppsala, Sweden, 16−19 December 2007]. Programme with Abstracts, p. 20. (Also in The 
Palaeontological Association Newsletter 66, Abstracts, p. 25).  
Bengtson, S.I. and Andrade, E.J. 2005. Ammonite biostratigraphy at the Turonian–Coniacian boundary in the 
Sergipe Basin, Brazil. In: 19th Colloquium on Latin American Geosciences, [Potsdam, Germany, 18–20 
April 2005]. Terra Nostra: Schriften der GeoUnion Alfred-Wegener-Stiftung, 2005, 20–21. 
Bengtson, S.I., Bengtson, P. and Andrade, E.J. 2005. A revised ammonite biostratigraphy for the upper 
Turonian−lower Coniacian of the Sergipe Basin, Brazil. In: 19° Congresso Brasileiro de Paleontologia 
[Aracaju, SE, Brazil, 14−19 August 2005]. Resumos das comunicações. CD-ROM, Universidade 
Federal de Sergipe, Aracaju, SE.  
Benkendorfer, G. and Soares-Gomes, A. 2009. Biogeography and biodiversity of gastropod molluscs from the 
eastern Brazilian continental shelf and slope. Latin American Journal of Aquatic Research, 37, 
143−159. 
Benkő-Czabalay L. 1964. Die obersenone Gastropodenfauna von Sümeg im südlichen Bakony. Sitzungsberichte 
der Österreichische Akademie der Wissenschaften. Mathematisch-naturwissenschaftliche Klasse. Abt. 
1. Biologie, Mineralogie, Erdkunde und verwandte Wissenschaften, 173, 155−188. 
Bergquist, H.R. 1944. Cretaceous of the Mesabi iron range, Minnesota. Journal of Paleontology, 18, 1−30. 
Berndt, R. 2002. Palaeoecology and taxonomy of the macrobenthic! fauna from the Upper Cretaceous Ajlun 
Group, southern Jordan, 222 pp. Unpublished PhD thesis, University of Würzburg; Würzburg. 
Berry, S.S. 1910. [Review of] Report on a collection of shells from Peru, with a summary of littoral marine 
Mollusca of the Peruvian zoological province. The Nautilus, 23, 130−132. 
Beurlen, G. 1970. Uma nova fauna de amonóides da formação Sapucari/Laranjeiras (Cretáceo de Sergipe) - 
considerações sôbre sua bioestratigrafia. Boletim Técnico da PETROBRÁS, 12, 147−169. 
Beurlen, K. 1961a. Die Kreide im Küstenbereich von Sergipe bis Paraiba do Norte (Brasilien). Zeitschrift der 
Deutschen Geologischen Gesellschaft, 112 [for 1960], 378–384. 
Beurlen, K. 1961b. O Turonian marinho do Nordeste do Brasil. Boletim da Sociedade Brasileira de Geologia, 
10, 39−52. 
Beurlen, K. 1964a. A fauna do calcário Jandaíra da região de Mossoró (Rio Grande do Norte), 215 pp. Editoria 
Pongetti; Rio de Janeiro. 
Beurlen, K. 1964b. Notas preliminares sôbre a fauna da formação Riachuelo. I Gastrópodes. Boletim de 
Geologia, Universidade do Recife, 4, 29−30. 
Beurlen, K. 1967. Geologia da região de Mossoró. Coleção Mossoroense, Série C, 18, 1−173. 
Beurlen, K. 1969. Die Problematik paläogeographischer Rekonstruktionen. Geologische Rundschau, 58, 
713−743. 
Blakey, R. 2008. Gondwana paleogeography from assembly to breakup—A 500 m.y. odyssey. In: C.R. Fielding, 
T.D. Frank and J.L. Isbell, (Eds), Resolving the Late Paleozoic Ice Age in Time and Space. Geological 
Society of America Special Paper, 441, 1−28. 
Blanckenhorn, M. 1927. Die fossilen Gastropoden und Scaphopoden der Kreide von Syrien-Palästina. 
Palaeontographica, 69, 111−186. 
Blumenberg, M. and Wiese, F. 2012. Imbalanced nutrients as triggers for black shale formation in a shallow 
shelf setting during the OAE 2 (Wunstorf, Germany). Biogeosciences, 9, 4139−4153. 
Böse, E. 1910. Monografía geológica y paleontológica del Cerro de Muleros cerca de Ciudad Juárez, Estado de 
Chihuahua y descripción de la fauna cretácea de la Encantada, Placer de Guadalupe, Estado de 
Chihuahua. Instituto Geológico de México, Boletín, 25, 1−196. 
Bouchet, P. and Rocroi, J.-P. 2005. Classification and nomenclator of gastropod families. Malacologia, 47, 
1−397. 
Bouchet, P. and Warén, A. 1985. Revision of the northeast Atlantic bathyal and abyssal Neogastropoda 
excluding Turridae (Mollusca, Gastropoda). Bolletino Malacologico, Supplemento, 1, 123–296. 
Bouchet, P. and Warén, A. 1986. Revision of the northeast Atlantic bathyal and abyssal Aclididae, Eulimidae, 
and Epitoniidae (Mollusca, Gastropoda). Bollettino Malacologico, Supplemento, 2, 297−567. 
Boucot, A.J. 1981. Principles of Benthic Marine Paleoecology, v + 463 pp. Academic Press; New York. 
 151 
 
Boury, E. de 1890. Révision des Scalidae miocènes et pliocènes de l’Italie. Bulletino della Societa Malacologica 
Italiana, 14, 161−326.  
Boury, E. de 1909. Catalogue des sous-genres de Scalidae. Journal of Conchyliologie, 57, 255−258. 
Bowdich, T.E. 1822. Elements of conchology, including the fossil genera and the animals. Part I. Univalves, xi + 
60 pp. London. 
Briart, A. and Cornet, F.L. 1865. Description minéralogique, géologique et paléontologique de la Meule de 
Bracquegnies. Mémoires de l'Académie royale des sciences, des lettres et des beaux-arts de Belgique, 
34, 1−92. 
Bronn H.G. 1831. Italiens Tertiär-Gebilde und deren organische Einschlüsse. xii + 176 pp. Karl Groos; 
Heidelberg. 
Brüggen, H. 1910. Die Fauna des unteren Senons von Nord-Perú. Neues Jahrbuch für Mineralogie, Geologie 
und Paläontologie, Beilage-Band, 30, 717−788. 
Bruguière, J.G. 1789. Encyclopédie méthodique. Histoire naturelle des vers. Tome premier, 1, xviii + 344 pp. 
Panckoucke; Paris.  
Bruguière, J.G. 1792. Encyclopédie méthodique. Histoire naturelle des vers. Tome premier, 2, pp. 345−757. 
Panckoucke; Paris. 
Bucquoy, E., Dautzenberg, P. and Dollfus, G. 1882. Les mollusques marins du Roussillon. Tome 1. 
Gastropodes, 84 pp. Baillière et Fils; Paris.  
Burrer, N. 2002. Gastropoden aus dem Cenoman−Coniac des Sergipe-Beckens, Brasilien. Teil 1: Die Gattungen 
Aporrhais, Avellana, Drepanocheilus, Epitonium, Fasciolaria, Fusus, Globiconcha, Lunatia, 
Piestochilus, Pterocreas, Ringinella, Turbo, Turritella, Tylostoma, Voluta, Volutilithes, Volutomorpha, 
101 pp. Unpublished diploma thesis, Heidelberg University; Heidelberg.  
Butler, A.J., Vicente, N. and Gaulejac, B. de 1993. Ecology of the pterioid bivalves Pinna bicolor Gmelin and 
Pinna nobilis L. Marine Life, 3, 37−45. 
Carvalho, M.A. 2001. Paleoenvironmental reconstruction based on palynological and palynofacies analyses of 
the Aptian−Albian succession in the Sergipe Basin, northeastern Brazil, 192 pp. Unpublished PhD 
thesis, Heidelberg University; Heidelberg.  
Casey, R. 1961. The stratigraphical palaeontology of the Lower Greensand. Palaeontology, 3, 487−621. 
Cassab, R.C.T. 1982. Sobre a ocorrência de Peruviella Olsson, 1944 no Cretáceo do Brasil (Mollusca - 
Gastropoda). Anais da Academia Brasileira de Ciências, 54, 575−577. 
Cassab, R.C.T. 2003. Paleontologia da formação Jandaíra, Cretáceo superior da Bacia Potiguar, com ênfase na 
paleobiologia dos gastrópodos, 184 pp. Unpublished PhD thesis, Universidade Federal do Rio de 
Janeiro; Rio de Janeiro. 
Castro, A.C.M.J. 1987. The northeastern Brazil and Gabon basins: a double rifting system associated with 
multiple crustal detachment surfaces. Tectonics, 6, 727−738. 
Cernohorsky, W.O. 1972. Marine shells of the Pacific, 411 pp. Pacific Publications; Sydney. 
Cernohorsky, W.O. 1978. Tropical pacific marine shells, 352 pp. Pacific Publications; Sydney. 
Chaban, E.M. and Chernyshev, A.V. 2012. New and little-known shell-bearing heterobranch mollusks 
(Heterobranchia: Aplustridae and Cephalaspidea) from the bathyal zone of the northwestern part of the 
Sea of Japan. Deep Sea Research Part II: Topical Studies in Oceanography (2012), DOI 
10.1016/j.dsr2.2012.07.040. 
Chang, H.K., Kowsmann, R.O. and Figueiredo, A.F.M. de 1988. New concepts on the development of east 
Brazilian marginal basins. Episodes, 11, 194−202. 
Choffat, P. 1886. Recueil d'études paléontologiques sur la faune Crétacique du Portugal. Volume I. Especes 
nouvelles ou peu connues. Première série, vii + 40 pp. Imprimerie de l’Academie Royale des Sciences; 
Lisbonne.  
Collignon, M. 1931. Paléontologie de Madagascar. XVI. La faune du Cénomanien à fossiles pyriteux du Nord de 
Madagascar. Annales de Paléontologie, 20, 43−104. 
Collignon, M. 1971. Gastéropodes et lamellibranches du Sahara. Annales de Paléontologie. Invertébrés, 57, 
143−202. 
Condé, V.C. 1996. Microgastrópodes do Eocretáceo de Sergipe, Brasil, xi + 82 pp. Unpublished MSc thesis, 
Universidade Federal do Rio de Janeiro; Rio de Janeiro.  
Conrad, T.A. 1858. Observations on a group of Cretaceous fossil shells, found in Tippah County, Mississippi, 
with descriptions of fifty-six new species. Journal of the Philadelphia Academy of Natural Sciences, 
2nd series, 3, 323−336. 
Conrad, T.A. 1860. Descriptions of new species of Cretaceous and Eocene fossils of Mississippi and Alabama. 
Journal of the Philadelphia Academy of Natural Sciences, 2nd series, 4, 275−297. 
Conrad, T.A. 1869. Notes on Recent and fossil shells with descriptions of new genera. American Journal of 
Conchology, 4, 246−249. 
Conrad, T.A. 1873. Descriptions of new genera and species of fossil shells of North Carolina in the slate cabinet 
at Raleigh. Preprint of W.C. Kerr (Ed.) 1875, Report of the Geological Survey of North Carolina, 
appendix A, 1, 1−28.  
152 
 
Coquand, H. 1860. Description physique, géologique, paléontologique et minéralogique du département de la 
Charente, 420 pp. Barlatier-Feissat et Demonchy; Marseille. 
Coquand, H. 1862. Géologie et paléontologie de la région Sud de la province de Constantine. Mémoires de la 
Societe d'Émulation de la Provence, 2, 1−341. 
Cossmann, M. 1889. Catalogue illustré des coquilles fossiles de l'Éocène des environs de Paris. Annales de la 
Société royale malacologique de Belgique, 24, 3−381. 
Cossmann, M. 1895. Essais de paléoconchologie comparée. Première livraison, 159 pp. Paris. 
Cossmann, M. 1904. Essais de paléoconchologie comparée. Sixième livraison, 215 pp. Paris. 
Cossmann, M. 1906. Essais de paléoconchologie comparée. Septième livraison, 261 pp. Paris.  
Cossmann, M. and Peyrot, M.A. 1919. Conchologie néogénique de l’Aquitaine. 3−6, Gastropodes. Actes de la 
Société linnéenne de Bordeaux, 70 [for 1917−1918], 181−491. 
Cossmann, M. 1925. Essais de paléoconchologie comparée. Treizième livraison, 345 pp. Paris. 
Cox, L.R. 1960. Thoughts on the classification of the Gastropoda. Proceedings of the Malacological Society of 
London, 33, 239−264. 
Cragin, F.W. 1893. A contribution to the invertebrate paleontology of the Texas Cretaceous. Texas Geological 
Survey, 4th Annual Report, 1892, 139−246. 
Cunha, A.A.S. 2001. Cicloestratigrafia no Cenomaniano superior e Turoniano do Oceano Atlântico Sul, 317 pp. 
Unpublished PhD thesis, Universidade Federal do Rio Grande do Sul; Porto Alegre. 
Cunha, A.A.S. and Koutsoukos, E.A.M. 2001. Orbital cyclicity in a Turonian sequence of the Cotinguiba 
Formation, Sergipe Basin, NE Brazil. Cretaceous Research, 22, 529−548. 
Cuvier, G. 1798. Tableau élémentaire de l'histoire naturelle des animaux, xvi + 710 pp. Baudouin; Paris. 
Cuvier, G. and Brongniart, A. 1822. Recherches sur les ossemens fossils, tome second, seconde partie, vi + 
229−648 pp. Paris. 
Da Costa, E.M. 1778. Historia naturalis testaceorum Britanniae, or, the British conchology, xii + 254 + vii pp. 
London. 
Dall, W.H. 1906. Note on some names in the Volutidae. The Nautilus, 19, 143−144. 
Dall, W.H. 1907. Notes on some Upper Cretaceous Volutidae with descriptions of new species and a revision of 
the groups to which they belong. Smithsonian Miscellaneous Collections, 50, 1−23. 
Dall, W.H. 1915. A monograph of the Ortholax pugnax Zone of the Oligocene of Tampa, Florida. United States 
National Museum Bulletin, 90, 1−173. 
Dartevelle, E. and Brébion, P. 1956. Mollusques fossiles du Crétacé de la côte occidentale d'Afrique du 
Cameroun à l'Angola: I. Gastéropodes. Annales du Musée Royal du Congo Belge, Série in-8°, Sciences 
géologiques, 15, 1−128. 
Dauwalder, P. and Remane, J. 1979. Etude du Banc Nérinées à la limite “Kimmeridgien-Portlandien” dans le 
Jura neuchâtelois méridional. Paläontologische Zeitschrift, 53, 163−181.  
Defrance, M.J.L. 1825. Nérine. Dictionnaire des Sciences d’Histoire naturelle, 34, 462−464. 
De Gregorio, A. 1885. Appuntini intorno al genere Trophon; Intorno a talune specie di Fasciolaria, Fusus, 
Tudicla, Pyrula. Bulletino della Società malacologica italiana, 11, 26−32, 46−53. 
Deshayes, G.-P. 1827. Nérinée. In: J.V. Audouin et al. (Eds), Dictionnaire classique d'histoire naturelle, tome 11, 
pp. 534−535. Rey et Gravier and Baudouin Frères; Paris.  
Deshayes, G.-P. 1832. In: Encyclopédique méthodique ou par ordre de matières. Histoire naturelle des vers et 
mollusques. Tome troisième, pp. 595−1152. Paris. 
Deshayes, G.-P. 1838. Mollusques. In: G.-P. Deshayes and H. Milne-Edwards (Eds), Histoire naturelle des 
animaux sans vertèbres. Tome huitième. Mollusques, 660 pp. Baillière; Paris.  
Deshayes, G.-P. 1843. Mollusques. In: G.-P. Deshayes and H. Milne-Edwards (Eds), Histoire naturelle des 
animaux san vertèbres. Deuxième édition. Tome neuviéme. Mollusques, 728 pp. Baillière; Paris. 
Deshayes, G.-P. 1850. Traité élémentaire de conchyliologie avec les applications de cette science à la géologie, 
pp. i−77, 8 bis, 123 bis, 14 bis, 73 bis, 73 ter, 104−117, 119−122. Victor Masson; Paris.  
Dietzel, S. 2002. Gastropoden aus dem Cenomanium−Coniacium (Ober-Kreide) des Sergipe-Beckens, Brasilien. 
Teil 2: Die Gattungen Akera, Ampullina, Cerithium, Cimolithium, Dicroloma, Drepanocheilus, 
Drilluta, Euomphalus, Fasciolaria, Mesalia, Piestochilus, Pterodonta, Scalaturris, Solarium, Turbo, 
Turritella, Tylostoma, Uchauxia, Voluta, 215 pp. Unpublished diploma thesis, Heidelberg University; 
Heidelberg.  
Dockery, D.T. 1993. The streptoneuran gastropods, exclusive of the Stenoglossa, of the Coffee Sand 
(Campanian) of northeastern Mississippi. Mississippi Department of Environmental Quality, Office of 
Geology, Bulletin, 129, 1−191. 
Douvillé, H. 1904. Mollusques fossiles. In: J. de Morgan (Ed.), Mission scientifique en Perse: 3. Etudes 
géologiques; 4. Paléontologie, pp. 189−380. Paris.  
Drouet, M.C. 1825. Mémoire sur un nouveau genre de coquille (Neithée) de la famille des Arcacées et 
description d'une nouvelle espèce de Modiole fossile (Modiola striata), suivi de la liste de 37 fossiles du 
grès vert observés dans les collines des environs du Mans. Mémoires de la Société linnéenne de Paris, 
3, 183−192. 
 153 
 
Duarte, A.G. 1935. Paleontologia ... relatorio. In: E.P. de Oliveira (Ed.), Relatorio annual do Director, Anno de 
1934, pp. 25–30. Serviço Geológico e Mineralógico, Departamento Nacional da Produção Mineral; Rio 
de Janeiro.  
Duarte, A.G. 1938. Paleontologia ... relatorio. In: E.P. de Oliveira (Ed.), Relatorio annual do Director, Anno de 
1935, pp. 165–173, 180–187. Serviço Geológico e Mineralógico, Departamento Nacional da Produção 
Mineral; Rio de Janeiro.  
Duméril, A.M.C. 1806. Zoologie analytique, ou méthode naturelle de classification des animaux, rendue plus 
facile à l'aide de tableaux synoptiques, xxxii + 344 pp. Paris. 
El Qot, G.M.S. 2006. Late Cretaceous macrofossils from Sinai, Egypt. Beringeria, 36, 1−163. 
Elder, W.P. 1987. The paleoecology of the Cenomanian−Turonian (Cretaceous) Stage boundary extinctions at 
Black Mesa, Arizona. Palaois, 2, 22−40. 
Elder, W.P. 1996. Bivalves and gastropods from the middle Campanian Anacacho Limestone, south central 
Texas. Journal of Paleontology, 70, 247−271. 
Elder, W.P. and Saul, L.R. 1996. Taxonomy and biostratigraphy of Coniacian through Maastrichtian Anchura 
(Gastropoda: Aporrhaiidae) of the north American Pacific slope. Journal of Paleontology, 70, 381−399. 
Erickson, J.M. 1974. Revision of the Gastropoda of the Fox Hill Formation, Upper Cretaceous (Maestrichtian) of 
North Dakota. Bulletins of American Paleontology, 66, 131−253. 
Evans, J. and Shumard, B.F. 1854. Descriptions of new fossil species from the Cretaceous formation of Sage 
Creek, Nebraska, collected by the Northern Pacific Railroad Expedition, under Gov. J.J. Stevens. 
Proceedings of the Academy of Natural Sciences of Philadelphia, 7, 163−164. 
Evans, J. and Shumard, B.F. 1857. On some new species of fossils from the Cretaceous formation of Nebraska 
Territory. Transaction of the St. Louis Academy of Science, 1, 38−42. 
Favre, E. 1869. Descriptions des mollusques fossiles de la craie des environs de Lemberg en Galicie, xii + 187 
pp. Genéve; Bâle.  
Fawzi, M.E.-A. 1963. La faune cénomanienne d'Egypte. Geological Museum, Palaeontological Series, 
Monograph, 3, 1−133. 
Feijó, F.J. 1995. Bacias de Sergipe e Alagoas. Boletim de Geociências da PETROBRÁS, 8 [for 1994], 149–161.  
Felix, I.L.C., Santos, M.T.M. and Andrade, E.J. 2011. Paleontologia e paleoecologia dos moluscos gastéropodos 
da formação Cotinguiba (Cenomaniano−Coniaciano) da Bacia de Sergipe. In: 21º Encontro de Iniciação 
Científica da UFS [São Cristóvão, 25−27 October 2011]. Resumos, p. 408. Universidade Federal de 
Sergipe; Sergipe. 
Fischer, P. 1883. Manuel de conchyliologie et de paléontologie conchyliologique ou histoire naturelle des 
mollusques vivants et fossiles. Fascicule VI, pp. 513−608. F. Savy; Paris.  
Fischer, P. 1884. Manuel de conchyliologie et de paléontologie conchyliologique ou histoire naturelle des 
mollusques vivants et fossiles. Fascicule VII, pp. 609−688. F. Savy; Paris.  
Fischer, P. 1885. Manuel de conchyliologie et de paléontologie conchyliologique ou histoire naturelle des 
mollusques vivants et fossiles. Fascicule VIII, pp. 689−896. F. Savy; Paris.  
Fleming, J. 1822. The philosophy of zoology; or a general view of the structure, functions, and classification of 
animals, 618 pp. Constable & Co.; Edinburgh. 
Frech, F. 1887. Die Versteinerungen der untersenonen Thonlager zwischen Suderode und Quedlinburg. 
Zeitschrift der Deutschen Geologischen Gesellschaft, 39, 141−202. 
Freneix, S. 1966. Faunes des bivalves et corrélations des formations marines du Crétacé des bassins côtiers de 
l'Ouest Africain. In: D. Reyre (Ed.), Sedimentary Basins of the African Coasts, pp. 52−78. Association 
des Services Géologiques Africains; Paris.  
Frič, A. 1893. Studien im Gebiete der böhmischen Kreideformation: V. Priesener Schichten. Archiv der 
Naturwissenschaftlichen Landesdurchforschung Böhmens, 9, 1−134. 
Friedrich, O., Erbacher, J. and Mutterlose, J. 2006. Paleoenvironmental changes across the 
Cenomanian/Turonian Boundary Event (Oceanic Anoxic Event 2) as indicated by benthic foraminifera 
from the Demerara Rise (ODP Leg 207). Revue de Micropaléontologie, 49, 121−139. 
Fürsich, F.T. 1977. Corallian (Upper Jurassic) marine benthic associations from England and Normandy. 
Palaeontology, 20, 337−385. 
Fürsich, F.T., Freytag, S., Röhl, J. and Schmid, A. 1995. Palaeoecology of benthic associations in salinity-
controlled marginal marine environments: Examples from the lower Bathonian (Jurassic) of the Causses 
(southern France). Palaeogeography, Palaeoecology, Palaeoclimatology, 113, 135−172. 
Gabb, W.M. 1860. Descriptions of new species of American Tertiary and Cretaceous fossils. Journal of the 
Philadelphia Academy of Natural Sciences, 2d series, 4, 299−305. 
Gabb, W.M. 1861. Description of new species of Cretaceous fossils from New Jersey, Alabama, and Mississippi. 
Proceedings of the Academy of Natural Sciences of Philadelphia, 13, 318−330. 
Gabb, W.M. 1864. Description of the Cretaceous fossils. Palaeontology [of California], 1, 55−236. 
Gabb, W.M. 1868. An attempt at revision of the two families Strombidae and Aporrhaidae. American Journal of 
Conchology, 4, 137−150. 
154 
 
Gabb, W.M. 1869. Paleontology of California. Volume 2. Cretaceous and Tertiary fossils, xv + 299 pp. 
Geological Survey of California.  
Gabb, W.M. 1877. Notes on American Cretaceous fossils, with descriptions of some new species. Proceedings 
of the Academy of Natural Sciences of Philadelphia, 28 [for 1876], 276−324. 
Gebhardt, H. 1999. Cenomanian to Coniacian biogeography and migration of North and West African ostracods. 
Cretaceous Research, 20, 205−229. 
Geiger, D.L., Nützel, A. and Sasaki, T. 2008. Vetigastropoda. In: W.F. Ponder and D.R. Lindberg (Eds), 
Phylogeny and evolution of the Mollusca, pp. 297−330. University of California Press; Los Angeles.  
Geinitz, H.B. 1872. Das Elbthalgebirge in Sachsen. Erster Theil. Der untere Quader. Palaeontographica, 20, 
1−319. 
Givens, C.R. 1974. Eocene molluscan biostratigraphy of the Pine Mountain area, Ventura County, California. 
University of California Publications in Geological Sciences, 109, 1−107. 
Givens, C.R. 1978. An occurrence of the Tethyan genus Volutilithes (Gastropoda: Volutidae) in the Eocene of 
California. Journal of Paleontology, 52, 104−108. 
Gmelin, J.F. 1791. Caroli a Linné. Systema naturae. Tom. I. Pars VI, pp. 3021−3910. Lipsiae. 
Goldfuss, G.A. 1837. Petrefacta Germaniae tam ea, quae in museo universitatis regiae Borussicae Fridericiae 
Wilhelmiae Rhenanae servantur quam alia quae cunque in museis hoeninghusiano, muensteriano 
aliisque extant, iconibus et descriptionibus illustrata. Abbildungen und Beschreibungen der Petrefakten 
Deutschlands und der angränzenden Länder, unter Mitwirkung des Herrn Grafen zu Münster, 2, pp. 
141−224. Arnz & Co; Düsseldorf. 
Goldfuss, G.A. 1844. Petrefacta Germaniae tam ea, quae in museo universitatis regiae Borussicae Fridericiae 
Wilhelmiae Rhenanae servantur quam alia quae cunque in museis hoeninghusiano, muensteriano 
aliisque extant, iconibus et descriptionibus illustrata. Abbildungen und Beschreibungen der Petrefakten 
Deutschlands und der angränzenden Länder, unter Mitwirkung des Herrn Grafen zu Münster, 3, iv + 
21−128 pp. Arnz & Co; Düsseldorf. 
Golikov, A.N. and Starobogatov, O.G. 1975. Systematics of prosobranch gastropods. Malacologia, 15, 185−232. 
Grant, U.S. and Gale, H.R. 1931. Catalogue of the marine Pliocene and Pleistocene Mollusca of California. 
Memoirs of the San Diego Society of Natural History, 1, 1−1036. 
Gray, E.J. 1840. Shells of molluscous animals. In: Synopsis of the contents of the British Museum, pp. 105−156. 
Woodfall & Son; London. 
Gray, J.E. 1842. The northern geological gallery. In: Synopsis of the contents of the British Museum, pp. 
97−157. Woodfall & Son; London. 
Gray, J.E. 1847. A list of the genera of Recent Mollusca, their synonyms and types. Proceedings of the 
Zoological Society of London, 15, 129−219. 
Gray, J.E. 1853. On the division of Ctenobranchous Gasteropodous Mollusca into larger groups and families. 
Annals and Magazine of Natural History, ser. 2, 11, 124−132. 
Gray, M.E. 1850. Figures of molluscous animals, selected from various authors. Etched for the use of students 
by Maria Emma Gray. Explanation of plates and list of genera, iv + 124 pp. London. 
Greco, B. 1916. Fauna cretacea dell'Egitto raccolta dal Figari Bey. Parte seconda: Pisces, Cephalopoda 
(addenda) et Gastropoda. Palaeontographia Italica, Memorie di Paleontologia, 22, 103−169. 
Griffin, M. and Pastorino, G. 2005. The genus Trophon Montfort, 1810 (Gastropoda: Muricidae) in the Tertiary 
of Patagonia. Journal of Paleontology, 79, 296−311. 
Groot, J.J., Organist, D.M. and Richards, H.G. 1954. Marine Upper Cretaceous formations of the Chesapeake 
and Delaware Canal. Delaware Geological Survey, Bulletin, 3, 1−56. 
Guilding, L. 1834. Observations on Naticina and Dentalinum, two genera of molluscous animals. Transaction of 
the Linnean Society of London, 17, 29−35. 
Hall, J. and Meek, F.B. 1856. Descriptions of new species of fossils from the Cretaceous formations of 
Nebraska. Memoirs of the American Academy of Arts and Sciences, New series, 5 [for 1855], 379−411. 
Hamlin, C.E. 1884. Results of an examination of Syrian molluscan fossils, chiefly from the range of Mount 
Lebanon. Memoirs of the Museum of Comparative Zoölogy at Harvard College, 10, 1−68.  
Handoh, I.C., Bigg, G.R., Jones, E.J.W. and Inoue, M. 1999. An ocean modeling study of the Cenomanian 
Atlantic: equatorial paleo-upwelling, organic-rich sediments and the consequences for a connection 
between the proto-North and South Atlantic. Geophysical Research Letters, 26, 223−226. 
Harris, G.F. 1897. Catalogue of Tertiary Mollusca in the Department of Geology, British Museum (Natural 
History). Part I. The Australasian Tertiary Mollusca, xxvi + 407 pp. London. 
Haszprunar, G. 1985. The Heterobranchia, a new concept of the phylogeny of the higher gastropods. Zeitschrift 
für Zoologische Systematik und Evolutionsforschung, 23, 15−375. 
Hayami, I. and Kase, T. 1981. Cenomanian molluscs in a sandstone block from the sea bottom off the southern 
coast of Kuji, northeast Japan. Transactions and Proceedings of the Palaeontological Society of Japan, 
NS, 121, 29−50.  
Hedley, C. 1899. The Mollusca of Funafuti. Part I. Gasteropoda. Australian Museum, Memoir, 3, 397−488.  
 155 
 
Helbling, G.S. 1779. Beyträge zur Kenntniß neuer und seltener Konchylien. Aus einigen Wienerischen 
Sammlungen. Abhandlungen einer Privatgesellschaft in Böhmen, zur Aufnahme der Mathematik, der 
vaterländischen Geschichte, und der Naturgeschichte, 4, 102−131.  
Herrmannsen, A.N. 1852. Indices generum malacozoorum. Supplementa et corrigenda, v + 140 pp. Theodori 
Fischer, Cassellis; London, Paris. 
Hessel, M.H.R. 1988. Lower Turonian inoceramids from Sergipe, Brazil: systematics, stratigraphy and 
palaeoecology. Fossils and Strata, 22, 1−49. 
Hessel, M.H.R. 2005. Conchas fósseis em Sergipe. Revista do Instituto Histórico e Geográfico de Sergipe, 34, 
16−38. 
Hessel, M.H.R. and Carvalho, M.T.N. 1988. Padrão de coloração em Natica (Gastropoda) do Albiano Inferior de 
Sergipe. Anais do X Congresso Brasileiro de Paleontologia, 2 [for 1987], 457−469.  
Hickman, C.S. and McLean, J.H. 1990. Systematic revision and suprageneric classification of trochacean 
gastropods. Natural History Museum of Los Angeles County Science Series, 35, 1–169. 
Holmer, L.E., and Bengtson, P. 1996. Implications of the rare occurrences of brachiopods in the Upper 
Cretaceous of Sergipe, Brazil. In: D. Dias-Brito, R. Rohn, and J.A. Perinotto (Eds), Boletim do 4° 
Simpósio sobre o Cretáceo do Brasil, 67–69. UNESP; Rio Claro. 
Holmer, L.E., and Bengtson, P. 2009. The first occurrence of a lingulid brachiopod from the Cretaceous of 
Sergipe, Brazil, with a restudy of ‘Lingula’ bagualensis Wilckens, 1905 from southern Patagonia. 
Paläontologische Zeitschrift, 83, 255–266. 
Holzapfel, E. 1888. Die Mollusken der Aachener Kreide. Palaeontographica, 34, 29−72. 
Houbrick, R.S. 1981. Anatomy, biology and systematics of Campanile symbolicum with reference to adaptive 
radiation of the Cerithiacea (Gastropoda: Prosobranchia). Malacologia, 21, 263–289. 
Houbrick, R.S. 1988. Cerithiodean phylogeny. Malacological Review, Supplement, 4, 88–128. 
Houbrick, R.S. 1989. Campanile revisited: Implications for cerithioidean phylogeny. American Malacological 
Bulletin, 7, 1–6. 
Houbrick, R.S. 1992. Monograph of the genus Cerithium Bruguière in the Indo-Pacific (Cerithiidae: 
Prosobranchia). Smithsonian Contributions to Zoology, 510, 1−211. 
Hudleston, W.H. 1892. A monograph of the British Jurassic Gasteropoda. Part I, No. 6. Gasteropoda of the 
Inferior Oolite. The Palaeontographical Society, 1892, 273−324.  
Hyatt, A. 1870. Report on the Cretaceous fossils from Maroïm, Province of Sergipe, Brazil, in the collection of 
Professor Hartt. In: C.F. Hartt, Geology and Physical Geography of Brazil, pp. 385−393. Fields, 
Osgood & Co.; Boston.  
Ihering, H. 1903. Les mollusques de terrains crétaciques supérieur de l'Argentine orientale. Anales del Museo 
Nacional de Buenos Aires, Serie 3, 2, 193−228. 
Ihering, H. 1907. Mollusques fossiles du Tertiaire e Crétacé supérieur de l'Argentine. Anales del Museo 
Nacional de Buenos Aires, Serie 3, 7, 40−41. 
Ikins, W.C. and Clabaugh, B.S. 1940. Some fossils from the Edwards Formation of Texas. Bulletins of American 
Paleontology, 96, 263−283. 
Jenkyns, H.C. 1980. Cretaceous anoxic events: from continents to oceans. Journal of the Geological Society, 
London, 138, 171−188. 
Jenkyns, H.C. 1999. Mesozoic anoxic events and palaeoclimate. Zentralblatt für Geologie und Paläontologie, 
1997, 943–949. 
Johnson, C.W. 1898. Gastropoda. In: L. Woolman (Ed.), Artesian wells in New Jersey. Geological Survey of 
New Jersey, Annual Report of the State Geologist for the Year 1897, p. 264. 
Johnston, G. 1835. Description of Natica helicoides, a new British shell. History of the Berwickshire Naturalists' 
Club, 1, p. 69.  
Kaim, A. 2004. The evolution of conch ontogeny in Mesozoic open sea gastropods. Palaeontologia Polonica, 
62, 3−183. 
Kaim, A. and Beisel, A.L. 2005. Mesozoic gastropods from Siberia and Timan (Russia). Part 2: Neogastropoda 
and Heterobranchia. Polish Polar Research, 26, 41−64. 
Kaim, A., Beisel, A.L. and Kurushin, N. 2004. Mesozoic gastropods from Siberia and Timan (Russia). Part 1: 
Vetigastropoda and Caenogastropoda (exclusive of Neogastropoda). Polish Polar Research, 25, 
241−266. 
Kano, Y. 2008. Vetigastropod phylogeny and a new concept of Sequenzioidea: independent evolution of the 
copulatory organs in the deep-sea habitats. Zoologica Scripta, 37, 1−21. 
Kase, T. 1990. Late Cretaceous gastropods from the Izumi Group of southwest Japan. Journal  
of Paleontology, 64, 563−578. 
Kase, T. and Ishikwa, M. 2003. Mystery of naticid predation history solved: Evidence from a “living fossil” 
species. Geology, 31, 403−406. 
Kauffman, E.G., Sageman, B.B., Kirkland, J.I., Elder, W.P., Harries, P.J. and Villamil, T. 1993. Molluscan 
biostratigraphy of the Cretaceous Western Interior Basin, North America. In: W.G.E. Caldwell and E.G. 
156 
 
Kauffman (Eds), Evolution of the Western Interior Basin. Geological Association of Canada, Special 
Paper, 39, 397−434.  
Kiel, S. 2001. Taxonomy and Biogeography of Late Cretaceous Gastropoda, 162 pp. Unpublished PhD thesis, 
Universität Hamburg; Hamburg.  
Kiel, S. 2002. Notes on the biogeography of Campanian–Maastrichtian gastropods, In: M. Wagreich (Ed.), 
Aspects of Cretaceous Stratigraphy and Palaeobiogeography. Österreichische Akademie der 
Wissenschaften, Schriftenreihe der Erdwissenschaftlichen Kommissionen, 15, 109–127. 
Kiel, S. and Bandel, K. 2001. About Heterostropha (Gastropoda) of the Campanian of Torallola, Spain. Journal 
of the Czech Geological Society, 46, 319−334. 
Kiel, S. and Bandel, K. 2002. About some aporrhaid and stromboid gastropods from the Late Cretaceous. 
Paläontologische Zeitschrift, 76, 83−97. 
Kiel, S. and Bandel, K. 2003. New taxonomic data for the gastropod fauna of the Umzamba Formation 
(Santonian−Campanian, South Africa) based on newly collected material. Cretaceous Research, 24, 
449−475. 
Kiel, S. and Bandel, K. 2004. The Cenomanian Gastropoda of the Kassenberg quarry in Mülheim (Germany, 
Late Cretaceous). Paläontologische Zeitschrift, 78, 103−126. 
Kiel, S., Bandel, K., Banjac, N. and Perrilliat, M.C. 2000. On Cretaceous Campanilidae (Caenogastropoda, 
Mollusca). Freiberger Forschungshefte, C 490, 15−26. 
Kiel, S., Bandel, K. and Perrilliat, M.D.C. 2002. New gastropods from the Maastrichtian of the Mexcala 
Formation in Guerrero, southern Mexico, part II: Archaeogastropoda, Neritomorpha and Heterostropha. 
Neues Jahrbuch für Geologie und Paläontologie, Abhandlungen, 226, 319−342. 
Kiel, S., Campbell, K., Elder, W.P. and Little, C.T.S. 2008. Jurassic and Cretaceous gastropods from 
hydrocarbon seeps in forearc basin and accretionary prism settings, California. Acta Geologia Polonica, 
53, 679−703. 
Kilburn, R.N. 1985. The family Epitoniidae (Mollusca: Gastropoda) in southern Africa and Mozambique. Annals 
of the Natal Museum, Pietermaritzburg, 27, 239−337. 
Klein, J.T. 1753. Tentamen methodi ostracologicse, sive dispositio naturalis cochlidium et concharum; cui 
accedit lucubratiuncula de formatione testarum. 4to. Lugduni Batavorum.  
Kner, R. 1848. Versteinerungen des Kreidemergels von Lemberg und seiner Umgebung. Haidinger's 
Naturwissenschaftliche Abhandlungen, 3, 1−42. 
Knight, J.B., Batten, R.L., Yochelson, E.L. and Cox, L.R. 1960a. Paleozoic and some Mesozoic 
Caenogastropoda and Opisthobranchia. In: R.C. Moore (Ed.), Treatise on Invertebrate Paleontology. 
Part I. Mollusca 1, pp. I310−I324. University Press of Kansas; Lawrence. 
Knight, J.B., Cox, L.R., Keen, A.M., Batten, R.L., Yochelson, E.L. and Robertson, R. 1960b. Systematic 
descriptions [Archaeogastropoda]. In: R.C. Moore (Ed.), Treatise on Invertebrate Paleontology. Part I. 
Mollusca 1, pp. I169−I310. University Press of Kansas; Lawrence. 
Kobelt, W. 1903. Iconographie der schalentragenden europäischen Meeresconchylien. Dritter Band, pp. 25−200. 
Kreidel; Wiesbaden. 
Koken, E. 1889. Über die Entwicklung der Gastropoden vom Cambrium bis zur Trias. Neues Jahrbuch für 
Mineralogie, Geologie und Paläontologie, Beilage-Band, 6, 305−484. 
Kollmann, H.A. 1976. Gastropoden aus den Losensteinerschichten der Umgebung von Losenstein 
(Oberösterreich). 1. Teil: Euthyneura und Prosobranchia 1 (Neogastropoda). Annalen des 
Naturhistorischen Museums Wien, 80, 163−206. 
Kollmann, H.A. 1980. Gastropoden aus der Sandkalkbank (Hochmoosschichten, Obersanton) des Beckens von 
Gosau (OÖ.). Annalen des Naturhistorischen Museums Wien, 83, 197−213. 
Kollmann, H.A. 1982a. Gastropoden-Faunen aus der höheren Unterkreide Nordwestdeutschlands. Geologisches 
Jahrbuch, A 65, 517−551. 
Kollmann, H.A. 1982b. Gastropoden aus den Losensteiner Schichten der Umgebung von Losenstein 
(Oberösterreich). 4. Teil: Archaeogastropoda und allgemeine Bemerkungen zur Fauna. Annalen des 
Naturhistorischen Museums Wien, 84/A, 13−56. 
Kollmann, H.A. 1985. Upper Cretaceous gastropods from excavations for the highway A10 (Charente, France). 
Cretaceous Research, 6, 85−111. 
Kollmann, H.A. 1992. Distribution of gastropods within the Cretaceous Tethyan realm. In: H.A. Kollmann and 
H. Zapfe (Eds), New Aspects on Tethyan Cretaceous Fossil Assemblages, pp. 95−128. Springer; Wien, 
New York. 
Kollmann, H.A. 2002. Gastropods from the Lower Cretaceous of Vorarlberg, Austria. A systematic review. 
Annalen des Naturhistorischen Museums Wien, 103 A, 23−73. 
Kollmann, H.A. 2005a. Marine palaeobiogeography of the central European Late Cretaceous. Bulletin of the 
Geological Society of Denmark, 52, 193−199. 
Kollmann, H.A. 2005b. Gastropodes crétacés. In: J.C. Fischer (Ed.), Révision critique de la paléontologie 
française d'Alcide d'Orbigny. Volume III. Gastropodes crétacés, 239 pp. Backhuys Publishers; Leiden. 
 157 
 
Kollmann, H.A. 2006. Die Nerineen: Taxonomische Verwirrungen und neue Systematik einer altbekannten 
Gastropodengruppe. In: M. Harzhauser, G. Wanzenböck and M. Zuschin (Eds), 12. Jahrestagung der 
Österreichischen Paläontologischen Gesellschaft, Tagungsprogramm [Bad Vöslau, 19−21 May 2006]. 
Abstracts, p. 20. Eigenverlag, Naturhistorisches Museum Wien; Bad Vöslau.   
Kollmann, H.A. 2009. A Late Cretaceous Aporrhaidae-dominated gastropod assemblage from the Gosau Group 
of the Pletzach Alm near Kramsach (Tyrol, Austria). Annalen des Naturhistorischen Museums Wien, 
111A, 33−72. 
Kollmann, H.A., Decker, K. and Lemone, D. 2003. Facies control of Lower Cretaceous gastropod assemblages, 
southwestern United States. In: R.W. Scott (Ed.), Cretaceous stratigraphy and paleoecology, Texas and 
Mexico: Perkins memorial volume. Gulf Coast Section, Society of Economic Palaeontologists and 
Mineralogists, Special Publication in Geology, 1, 101−146.  
Kollmann, H.A. and Odin, G.S. 2001. Gastropods from the Upper Cretaceous geological site at Tercis-les-Bains 
(SW France). In: G.S. Odin (Ed.), The Campanian−Maastrichtian Stage boundary: characterisation at 
Tercis les Bains (France) and correlation with Europe and other continents, Developments in 
Palaeontology and Stratigraphy 19; IUGS Special Publications Series, 36, pp. 437−451.  
Kollmann, H.A. and Peel, J.S. 1983. Paleocene gastropods from Nûgssuaq, West Greenland. Grønlands 
geologiske undersøgelse, Bulletin, 146, 1−115. 
Koutsoukos, E.A.M. 1989. Mid- to late Cretaceous microbiostratigraphy, palaeoecology and palaeogeography of 
the Sergipe Basin, northeastern Brazil, 886 pp. Unpublished PhD thesis, 2 vols, Polytechnic South 
West; Plymouth.  
Koutsoukos, E.A.M. 1998. Upper Cretaceous palaeogeography of the Sergipe Basin, NE Brazil: area of the 
Divina Pastora and Mosqueiro lows. In: F. Horna, K.A. Tröger and S. Voigt (Eds), Fifth International 
Cretaceous Symposium. Zentralblatt für Geologie und Paläontologie, Teil 1, 1996, 1325−1337.  
Koutsoukos, E.A.M. and Bengtson, P. 1993. Towards an integrated biostratigraphy of the upper 
Aptian−Maastrichtian of the Sergipe Basin, Brazil. Documents du Laboratoire de Géologie de Lyon, 
125, 241−262. 
Koutsoukos, E.A.M., Destro, N., Azambuja Filho, N.C. de and Spadini, A.R. 1993. Upper Aptian−lower 
Coniacian carbonate sequences in the Sergipe Basin, northeastern Brazil. In: T. Simo, R.W. Scott and 
J.-P. Masse (Eds), Cretaceous carbonate platforms. American Association of Petroleum Geologists, 
Memoir, 56, 1−472.  
Koutsoukos, E.A.M., Mello, M.R. and Azambuja Filho, N.C. de 1991. Micropalaeontological and geochemical 
evidence of mid-Cretaceous dysoxic-anoxic environments in the Sergipe Basin, northeastern Brazil. In: 
R.V. Tyson and T.H. Pearson (Eds), Modern and ancient continental shelf anoxia. Geological Society, 
London, Special Publication, 58, 427−447.  
Kowalke, T. 1998. Bewertung protoconchmorphologischer Daten basaler Caenogastropoda (Cerithiimorpha und 
Littorinimorpha) hinsichtlich ihrer Systematik und Evolution von der Kreide bis rezent. Berliner 
Geowissenschaftliche Abhandlungen, Reihe E, 27, 1−121. 
Kowalke, T. and Bandel, K. 1996. Systematik und Paläoökologie der Küstenschnecken der nordalpinen 
Brandenberg-Gosau (Oberconiac/Untersanton) mit einem Vergleich zur Gastropodenfauna des 
Maastrichts des Trempbeckens (Südpyrenäen, Spanien). Mitteilungen der Bayerischen Staatssammlung 
für Paläontologie und Historische Geologie, 36, 15−71. 
Kronenberg, G.C. 1992. The Recent species of the family Aporrhaidae. Vita Marina, 41, 73−84. 
Kühn, O. 1929. Beiträge zur Paläontologie und Stratigraphie von Oman (Ost-Arabien). Annalen des 
Naturhistorischen Museums Wien, 43, 13—33. 
Kuroda, T. and Habe, T. 1954. On some Japanese Mollusca described by A. Adams, whose specimens are 
deposited in the Redpath Museum of Canada, Venus, 18, 1−16. 
Ladd, H.S. 1972. Cenozoic fossil mollusks from the western Pacific islands; gastropods (Turritellidae through 
Strombidae). Geological Survey Professional Paper, 532, 1−79. 
Lamarck, J.B. 1799. Prodrome d'une nouvelle classification des coquilles, comprenant une rédaction appropriée 
des caractères génériques, et l'établissement d'un grand nombre de genres nouveaux. Mémoires de la 
Société d'Histoire Naturelle de Paris, 1, 63−91. 
Lamarck, J.B. 1801. Systeme des animaux sans vertèbres, viii + 432 pp. Derteville; Paris. 
Lamarck, J.B. 1802. Suite de mémoires sur les fossils des environs de Paris. Annales du Muséum d’Histoire 
Naturelle, 1, 474−479. 
Lamarck, J.B. 1804. Mémoirs sur les fossiles de environs de Paris. Annales du Muséum d’Histoire Naturelle, 5, 
28–36. 
Lamarck, J.B. 1822. Histoire naturelle des animaux sans vertèbres. Tome septième, 232 pp. Verdière; Paris. 
Leach, W.E. 1815. Zoological miscellany; being descriptions of new, or interesting animals, Vol. 2, 154 pp. E. 
Nodder & Son; London. 
Leach, W.E. 1819. A list of invertebrate animals discovered by H.M.S. Isabella, in a voyage to theArctic regions. 
Appendix 2. In: J.A. Ross (Ed.), A Voyage of Discovery, Made under the Order of the Admirality, in 
158 
 
His Majesty’s Ships Isabella and Alexander (in 1818) for the Purpose of Ex− ploring Baffin’s Bay and 
Enquiring into the Probability of a North−West Passage, xxix + 258 + cxliv pp. J. Murray; London. 
Lee, J.S., Ahn, S.-H., Lee, D.S., Oh, S.H., Kim, C.S., Jeong, J.M., Park, K.S., Chung, J.-K., and Lee, M.C. 2005. 
Voxel-based statistical analysis of cerebral glucose metabolism in the rat cortical deafness model by 3D 
reconstruction of brain from autoradiographic images. European Journal of Nuclear Medicine and 
Molecular Imaging, 32, 696−701.  
Lefranc, J.P. 1977. Affinités des gastéropodes cénomaniens et turoniens du Sahara algérien et du Brésil oriental 
(Sergipe). In: Réunion annuelle des Sciences de la Terre, 5 [Rennes, 19–22 April 1977]. Abstracts, p. 
312. Société Géologique de France; Paris. 
Leymerie, A. 1842. Suite du mémoire sur le terrain Crétacé du département de l'Aube. Mémoires de la Société 
Géologique de France, 5, 1−34. 
Li, R., Luo, T. and Zha, H. 2010. 3D digitization and its applications in cultural heritage. In: M. Ioannides, D. 
Fellner, A. Georgopoulos and D.G. Hadjimitsis (Eds), Digital Heritage, pp. 381−388. Springer; Berlin, 
Heidelberg. 
Li, R.-Y., Younge, H.R. and Zhan, R.-B. 2011. Drilling predation on scaphopods and other molluscs from the 
Upper Cretaceous of Manitoba, Canada. Palaeoworld, 20, 296−307. 
Lightfoot, J. 1786. A catalogue of the Portland Museum, lately the property of the Duchess Dowager of Portland, 
deceased: Which will be sold by auction by Mr. Skinner and Co. On Monday the 24th of April, 1786, 
and the thirty-seven following days (...) at her late dwelling-house, in Privy-Garden, Whitehall, by order 
of the Acting Executrix. viii + 3−194 pp. London. 
Lima, M.R. de and Boltenhagen, E. 1981. Estudo comparativo da evolução das microfloras afro-sul-americanas: 
II. O Cretáceo Superior. In: Y.T. Sanguinetti (Ed.), Anais do II Congresso Latino-Americano de 
Paleontologia, 1, 373−383.  
Linnaeus, C. 1758. Systema naturæ per regna tria naturæ, secundum classes, ordines, genera, species, cum 
characteribus, differentiis, synonymis, locis. Tomus I, 823 pp. Laurentius Salvius; Holmiæ. 
Loel, W. and Corey, W.H. 1932. The Vaqueros formation, Lower Miocene of California. 1. Paleontology. 
University of California Publications in Geological Sciences, 22, 31−410. 
Lovén, S.L. 1846. Molluscorum litora Scandinaviae occidentalis habitantium. Öfversigt af Kongliga Vetenskaps-
Akademiens Förhandlingar, 3, 134−160, 182−204. 
Lovén, S.L. 1847. Malacozoologii. Öfversigt af Kongliga Vetenskaps-Akademiens Förhandlingar, 4, 175−199. 
Mabesoone, J.M. 1994. Sedimentary basins of northeastern Brazil. Federal University of Pernambuco, Geology 
Department, Special Publication, 2, 1−308. 
Magne, A. 1940. Sur quelques espèces intéressantes ou nouvelles provenant du Calcaire à Astéries de la Souys. 
Actes de la Société Linnéenne de Bordeaux, 91, 28−36. 
Malaquias, M.A.E. and Reid, D.R. 2008. Systematic revision of the living species of Bullidae (Mollusca: 
Gastropoda: Cephalaspidea), with a molecular phylogenetic analysis. Zoological Journal of the Linnean 
Society, 153, 453−543. 
Mallison, H. 2011. Digitizing methods for paleontology: applications, benefits and limitations. In: A.M.T. Elewa 
(Ed.), Computational Paleontology, pp. 7−43. Springer; Berlin, Heidelberg.  
Manso, C.L.C. and Andrade, E.J. 2008. Equinoides do Turoniano (Cretáceo superior) de Sergipe, Brasil. 
Geociências, 27, 319−327. 
Mara, H. 2012. Multi-Scale Integral Invariants for Robust Character Extraction from Irregular Polygon Mesh 
Data, ii + 210 pp. Unpublished PhD thesis, Heidelberg University; Heidelberg.  
Mara, H., Krömker, S., Jakob, S. and Breukmann, B. 2010. GigaMesh and Gilgamesh – 3D multiscale integral 
invariant cuneiform character extraction. In: VAST10: The 11th International Symposium on Virtual 
Reality, Archaeology and Cultural Heritage [Palais du Louvre, Paris, France, 21–24 September 2010]. 
pp. 131–138. Eurographics Association; Paris. 
Marwick, J. 1957. Generic revision of the Turritellidae. Proceedings of the Malacological Society of London, 32, 
144−166. 
Matthews, S.C. 1973. Notes on open nomenclature and on synonymy lists. Palaeontology, 16, 713−719. 
Maury, C.J. 1925. Fosseis terciarios do Brasil com descripção de novas formas cretaceas. Serviço Geologico e 
Mineralogico do Brasil, Monografia, 4 [for 1924], 1−665. 
Maury, C.J. 1930. O Cretáceo da Parahyba do Norte. Serviço Geologico e Mineralogico do Brasil, 
Monographia, 8, 1−305. 
Maury, C.J. 1937. O Cretáceo de Sergipe. Serviço Geológico e Mineralógico do Brasil, Monographia, 11 [for 
1936], 1−283.  
McAlester, A.L. and Rhoads, D.C. 1967. Bivales as bathymetric indicators. Marine Geology, 5, 383−388. 
Meek, F.B. 1864. Check list of the invertebrate fossils of North America. Cretaceous and Jurassic. Smithsonian 
Miscellaneous Collection, 7, 1−40. 
Meek, F.B. 1876. A report on the invertebrate Cretaceous and Tertiary fossils of the upper Missouri country. 
Report of the United States Geological Survey of the Territories, 9, viii−lxiv, 1−629.  
 159 
 
Meek, F.B. and Hayden, F.V. 1858. Description of new species and genera of fossils, collected by Dr. F. V. 
Hayden in Nebraska Territory. Proceedings of the Academy of Natural Sciences of Philadelphia, 9 [for 
1857], 117−148. 
Meek, F.B. and Hayden, F.V. 1860. Systematic catalogue with synonyma of Jurassic, Cretaceous, and Tertiary 
fossils collected in Nebraska. Proceedings of the Academy of Natural Sciences of Philadelphia, 12, 
417−432. 
Mekawy, M.S. 2007. Gastropods of the Cenomanian−Santonian sequence from North Eastern Desert, Egypt. 
Egyptian Journal of Geology, 51, 149−176. 
Merriam, C.W. 1942. Fossil turritellas from the Pacific coast region of North America. University of California 
Publications in Geological Sciences, 26 [for 1941], 1−214. 
Melville, R.V. 1978. Opinion 1109 Cerithium Brug. [1789] (Gastropoda): designation of type-species under the 
plenary powers. Bulletin of Zoological Nomenclature, 35, 97−98. 
Michaud, G. 1828. Descriptions de plusieurs espèces de coquilles vivantes de la Méditerranée. Bulletin 
d’Histoire Naturelle de la Société Linnéenne de Bordeaux, 2 [for 1827], 119−122. 
Mikkelsen, P.M., Mikkelsen, P.S. and Karlen, D.J. 1995. Molluscan biodiversity in the Indian River Lagoon, 
Florida. Bulletin of Marine Science, 57, 94−127. 
Milne-Edwards, H. 1846. [Classification naturelle des Mollusques gastéropodes]. Société Philomatique de Paris. 
Extraits des procès-verbaux des séances, zoologie, 1846, 116−117. 
Møller, H.P.C. 1842. Index Molluscorum Groenlandiæ, 24 pp. I.G. Salomon; Hafniæ.  
Monterosato, M. 1890. Conchiglie delle profundita del Mare di Palermo. Il Naturalista Siciliano, 9, 140−151, 
157−166. 
Montfort, P.D. de 1810. Conchyliologie systématique et classification méthodique des coquilles. Coquilles 
univalves, non cloisonnées. Tome second, 676 pp. Paris. 
Mörch, A.O.L. 1857. Fortegenese over Grønlands Bødlgr. In: H. Rink (Ed.), Grønland geographisk og statistik 
beskrevet af. H. Rink, pp. 75−98. Copenhagen.  
Monterosato, A.T. di 1884. Nomenclatura generica e specifica di alcune conchiglie Mediterranee, 152 pp. Virzi; 
Palermo. 
Morton, S.G. 1834. Synopsis of the organic remains of the Cretaceous group of the United States, 88 pp. Key 
and Biddle; Philadelphia. 
Moulin, M., Aslanian, D. and Unternehr, P. 2010. A new starting point for the South and Equatorial Atlantic 
Ocean. Earth-Science Reviews, 98, 1−37. 
Müller, A.H. 1994. Lehrbuch der Paläozoologie. Band II. Teil 2. Mollusca 2 − Arthropoda 1, 618 pp. Gustav 
Fischer; Stuttgart. 
Müller, H. 1966. Palynological investigations of Cretaceous sediments in northeastern Brazil. In: J.E. Hinte 
(Ed.), Proceedings of the Second West African Micropaleontological Colloquium, pp. 123−136. E.J. 
Brill; Leiden [for 1965].  
Müller, J. 1851. Monographie der Petrefacten der Aachener Kreideformation. Zweite Abtheilung, 88 pp. 
Naturhistorischer Verein der preussischen Rheinlande und Westfalens; Bonn. 
Müller, O.F. 1776. Zoologiæ Danicæ prodromus, seu animalium Daniæ et Norvegiæ indigenarum characteres, 
nomina, et synonyma imprimis popularium, xxxii + 274 pp. Havniæ. 
Néraudeau, D. and Floquet, M. 1991. Les échinides Hemiasteridea: marqueurs écologiques de la plateforme 
castillane et navarro-cantabre (Espagne) au Crétacé supérieur. Palaeogeography, Palaeoclimatology, 
Palaeoecology, 88, 265−281. 
Neumann, R. 1907. Beiträge zur Kenntnis der Kreideformation in Mittel-Peru. Neues Jahrbuch für Mineralogie, 
Geologie und Paläontologie, Beilageband, 24, 69−132. 
Ojeda, H.A.O. 1982. Structural framework, stratigraphy, and evolution of Brazilian marginal basins. American 
Association of Petroleum Geologists, Bulletin, 66, 732−749. 
Ojeda, H.A.O. and Fugita, A.M. 1976. Bacia Sergipe/Alagoas: Geologia regional e perspectivas petrolíferas. 
Anais do XXVIII Congresso Brasileiro de Geologia, 1, 137−158. 
Opinion 1765, 1994. Fusus Helbling, 1779 (Mollusca, Gastropoda): suppressed, and Fusinus Rafinesque, 1815 
and Colubraria Schumacher, 1817: conserved. Bulletin of Zoological Nomenclature, 51, 159−161. 
Orbigny, A. d' 1842. Paléontologie française. Description des mollusques et rayonnés fossiles. Terrains crétacés. 
Tome 2. Mollusques, 456 pp. Masson; Paris. 
Orbigny, A. d' 1850. Prodrome de paléontologie stratigraphique universelle des animaux mollusques et rayonnés 
faisant suite au cours élémentaire de paléontologie et de géologie stratigraphiques. Deuxième volume, 
427 pp. Paris. 
Orbigny, A. d' 1891. Paléontologie française. Description des fossils de la France. Terrains jurassiques. Tome 3. 
Gastéropodes, pp. 401−535. Masson; Paris. 
Pallas, P.S. 1774. Spicilegia Zoologica quibus novae imprimis et obscurae animalium species iconibus, 
descriptionibus atque commentariis illustrantur, 41 pp. Gottlieb August Lange; Berolini. 
Pastorino, G. and Scarabino, F. 2008. Two new deep-sea muricids (Gastropoda) from Argentina. The Nautilus, 
122, 107–114. 
160 
 
Pchelintsev, V.F. and Korobkov, I.A. 1960. Osnovy paleontologii: Mollyuski - Bryukhonogie [Fundamentals of 
palaeontology: Mollusca - Gastropoda], 359 pp. Gosudarstvennoe Nauchno-Tekhnicheskoe Izdatel'stvo 
Literatury po Geologii i Okhrane Nedr; Moscow. [In Russian.]  
Pchelintsev, V.F. and Volkov, N.S. 1960. Semejstvo Ringiculidae. In: V.F. Pchelintsev and I.A. Korobkov 
(Eds), Osnovy paleontologii: Mollyuski - Bryukhonogie [Fundamentals of palaeontology: Mollusca - 
Gastropoda], p. 246. Gosudarstvennoe Nauchno-Tekhnicheskoe Izdatel'stvo Literatury po Geologii i 
Okhrane Nedr; Moscow. [In Russian].  
Pelseener, P. 1906. Mollusca. In: E.R. Lankester (Ed.), A Treatise on Zoology, 5, 1−355.   
Penna, L. 1964. Contribuição ao estudo da malacofauna do Calcário Jandaíra, Cretáceo Superior, do estado do 
Rio Grande do Norte, Brasil. Papéis Avulsos, 16, 73−87. 
Pennant, T. 1777. British zoology. Vol. IV. Crustacea. Mollusca. Testacea, xviii + 136 pp. Benjamin White; 
London. 
Peron, A. 1889. Description des mollusques fossiles des terrains crétacés de la région Sud des hauts-plateaux de 
la Tunisie, recueillies en 1885 et 1886 par M. Philippe Thomas. Première partie, xii + 327 pp. Paris. 
Perrilliat, M.C., Vega, F.J. and Corona, R. 2000. Early Maastrichtian Mollusca from the Mexicala Formation of 
the state of Guerrero, southern Mexico. Journal of Paleontology, 74, 7−24. 
Perron, F.E. 1978. Locomotion and shell-righting behaviour in adult and juvenile Aporrhais occidentalis 
(Gastropoda: Strombacea). Animal Behaviour, 26, 1023−1028. 
Perry, G. 1811. Conchology, or the natural history of shells: containing a new arrangement of the genera and 
species, illustrated by coloured engravings executed from the natural specimens, and including the latest 
discoveries, iv + 4 pp. William Miller; London. 
Pervinquière, L. 1912. Études de paléontologie tunisienne. 2, Gastéropodes et lamellibranches des terrains 
crétacés, xiv + 352 pp. Paris. 
Petri, S. 1962. Foraminíferos cretáceos de Sergipe. Boletim da Faculdade de Filosofía, Ciências e Letras da 
Universidade de São Paulo, 265 (Geologia, 20), 1−140.  
Petri, S. 1987. Cretaceous paleogeographic maps of Brazil. Palaeogeography, Palaeoclimatology, 
Palaeoecology, 59, 117−168. 
Petuch, E.J. 1976. An unusual molluscan assemblage from Venezuela. The Veliger, 18, 322–325. 
Philippi, R.A. 1836. Enumeratio molluscorum Siciliæ cum viventium tum in tellure tertiaria fossilium, quae in 
itinere suo observavit, xiv + 267 pp. Berlin. 
Pictet, F.J. and Roux, W. 1849. Descriptions des mollusques fossiles qui se trouvent dans les grès verts des 
environs de Genève: Seconde classe. Gastéropodes. Mémoires de la Société de Physique et d'Histoire 
Naturelle de Genève, 12, 21–151. Reprinted as “Seconde classe: Gastéropodes“ in “Descriptions des 
mollusques fossiles qui se trouvent dans les grès verts des environs de Genève” by Pictet, F.J. and 
Roux, W., pp. 157−284. Jules-Gme Fick; Genève.  
Pilsbry, H.A. and Olsson, A.A. 1954. Systems of the Volutidae. Bulletins of American Paleontology, 35, 5−37. 
Ponder, W.F., Colgan, D.J., Healy, J.M., Nützel, A., Simone, L.R.L. and Strong, E.E. 2008. Caenogastropoda. 
In: W.F. Ponder and D.R. Lindberg (Eds), Phylogeny and evolution of the Mollusca, pp. 331−383. 
University of California Press; Los Angeles. 
Ponte, F.C., Fonseca, J.R. and Carozzi, A.V. 1980. Petroleum habitats in the Mesozoic–Cenozoic of the 
continental margin of Brazil. In: A.D. Miall (Ed.), Facts and principles of world petroleum occurrence. 
Canadian Society of Petroleum Geologists, Memoir, 6, 857−886.  
Popenoe, W.P. 1937. Upper Cretaceous Mollusca from southern California. Journal of Paleontology, 11, 
379−402. 
Popenoe, W.P. 1957. The Cretaceous gastropod genus Biplica. University of California Publications in 
Geological Sciences, 30, 425−454. 
Popenoe, W.P., Saul, L.R. and Susuki, T. 1987. Gyrodiform gastropods from the Pacific coast Cretaceous and 
Paleocene. Journal of Paleontology, 61, 70−100. 
Poppe, G.T. and Tagaro, S.P. 2006. The new classification of gastropods according to Bouchet & Rocroi, 2005. 
Visaya Net, 2006, 1−10. 
Pottmann, H., Wallner, J., Huang, Q.-X. and Yang, Y.-L. 2009. Integral invariants for robust geometry 
processing. Computer Aided Geometric Design, 26, 37−60. 
Poulsen, C.J., Barron, E., Arthur, M.A. and Peterson, W.H. 2001. Response of the mid-Cretaceous global 
oceanic circulation to tectonic and CO2 forcings. Paleoceanography, 16, 576−592. 
Quaas, A. 1902. Beitraege zur Kenntnis der Fauna der obersten Kreidebildung in der libyschen Wüste. II. Die 
Fauna der Overwegischichten und der Blätterthone in der libyschen Wüste. Palaeontographica, 30, 
153−334. 
Rafinesque, C.S. 1815. Analyse de la nature ou tableau de l'universe et des corps organisés, 223 pp. Palerme. 
Rahman, A. 1967. Die Gastropoden der Oberkreide (Ober-Cenoman) von Hölzelsau bei Niederndorf in Tirol. 
Mitteilungen der Bayerischen Staatssammlung für Paläontologie und Historische Geologie, 7, 23−134. 
Regali, M.S.P., Uesugui, N. and Santos, A.S. 1974. Palinologia dos sedimentos meso-cenozóicos do Brasil (I). 
Boletim Técnico da PETROBRÁS, 17, 177−191. 
 161 
 
Regali, M.S.P., Uesugui, N. and Santos, A.S. 1975. Palinologia dos sedimentos meso-cenozóicos do Brasil (II). 
Boletim Técnico da PETROBRÁS, 17 [for 1974], 263−301.  
Reis, O.M. 1897. Die Fauna der Hachauer Schichten. Geognostische Jahreshefte (bayr.), 9, 67−104. 
Rennie, J.V.L. 1929.  Cretaceous fossils from Angola (Lamellibranchia and Gastropoda). Annals of The South 
African Museum, 28, 1−54. 
Rennie, J.V.L. 1930. New Lamellibranchia and Gastropoda from the Upper Cretaceous of Pondoland. Annals of 
the South Africa Museum, 28, 159−206. 
Reuss, A.E. 1846. Die Versteinerungen der böhmischen Kreideformation. Zweite Abtheilung, iv + 148 pp. 
Schweizerbart'sche Verlagsbuchhandlung; Stuttgart. 
Reuss, A.E. 1854a. Kritische Bemerkungen über die von Herrn Zekeli beschriebenen Gastropoden der 
Gosaugebilde in den Ostalpen. Sitzungsberichte der Kaiserlichen Akademie der Wissenschaften. 
Mathematisch-Naturwissenschaftliche Classe, 11 [for 1853], 882−923. 
Reuss, A.E. 1854b. Beiträge zur Charakteristik der Kreideschichten in den Ostalpen, besonders im Gosauthale 
und am Wolfgangsee. Denkschrift der Kaiserlichen Akademie der Wissenschaften. Mathematisch-
Naturwissenschaftliche Classe. Erste Abtheilung. Abhandlungen von Mitgliedern, 7 [for 1853], 1−156. 
Reyment, R.A. 1954. The stratigraphy of the southern Cameroons. Geologiska Föreningens i Stockholm 
Förhandlingar, 76, 661−683. 
Reyment, R.A. 1955. Upper Cretaceous Mollusca (Lamellibranchia and Gastropoda) from Nigeria. Colonial 
Geology and Mineral Resources, 5, 127−155. 
Reyment, R.A., Bengtson, P. and Tait, E.A. 1976. Cretaceous transgressions in Nigeria and Sergipe-Alagoas 
(Brazil). In: F.F.M. Almeida (Ed.), Continental margins of Atlantic type. Anais da Academia Brasileira 
de Ciências, Suplemento, 48, 253−264.  
Reyment, R.A. and Tait, E.A. 1972. Biostratigraphical dating of the early history of the South Atlantic Ocean. 
Philosophical Transactions of the Royal Society of London, Series B, Biological Sciences, 264 [858], 
55−95.  
Riedel, L. 1933. Die Oberkreide vom Mungofluss in Kamerun und ihre Fauna. Beiträge zur geologischen 
Erforschung der deutschen Schutzgebiete, 16 [for 1932], 1−154.  
Röding, P.F. 1798. Museum Boltenianum sive catalogus cimeliorum e tribus regnis naturæ quæ olim collegerat 
Joa. Fried. Bolten, M. D. p. d. per XL. annos proto physicus Hamburgensis. Pars secunda continens 
Conchylia sive Testacea univalvia, bivalvia & multivalvia, viii + 199 pp. Hamburgi.  
Roemer, F. 1852. Die Kreidebildungen von Texas und ihre organischen Einschlüsse, vi + 100 pp. Adolph 
Marcus; Bonn. 
Roemer, F. 1888. Ueber eine durch die Häufigkeit Hippuriten-artiger Chamiden ausgezeichnete Fauna der 
oberturonen Kreide von Texas. Palaeontologische Abhandlungen, 4, 281−296. 
Roemer, F.A. 1841. Die Versteinerungen des norddeutschen Kreidegebirges, iv + 145 pp. Hahn'sche 
Hofbuchhandlung; Hannover. 
Roman, F. and Mazeran, P. 1913. Monographie paléontologique de la faune du Turonien du bassin d’Uchaux et 
de ses dépendances, 138 pp. Henri Georg, Lyon. Reprinted 1920 in Archives du Muséum d'Histoire 
Naturelle de Lyon, 12, 1–138 
Sacco, F. 1895. Cerithiidae, Triforidae, Cerithiopsidae e Diastomidae. In: B. Luigi (Ed.), I molluschi dei terreni 
terziarii del Piemonte e della Liguria. Parte XVII, pp. 1−83. Carlo Clausen; Torino.  
Salvini-Plawen, L. 1980. A reconsideration of systematics in the Mollusca (phylogeny and higher classification). 
Malacologia, 19, 249−278. 
Sastry, M.V.A., Rao, B.R.J. and Mamgain, V.D. 1968. Biostratigraphic zonation of the Upper Cretaceous 
formations of Trichinopoly District, South India. Geological Society of India, Memoir, 2, 10−17. 
Saul, L.R. 1983a. Notes on Paleogene turritellas, venericardias, and molluscan stages of the Simi Valley area, 
California. In: R.L. Squires and M.V. Filewicz (Eds), Cenozoic geology of the Simi Valley area, 
southern California. Pacific Section, pp. 71−80. SEPM; Los Angeles.  
Saul, L.R. 1983b. Turritella zonation across the Cretaceous−Tertiary boundary, California. University of 
California Publications in Geological Sciences, 125, 1−165. 
Saul, L.R. and Squires, R.L. 2003. New Cretaceous cerithiform gastropods from the Pacific slope of North 
America. Journal of Paleontology, 77, 442−453. 
Schaller, H. 1970. Revisão estratigráfica da Bacia de Sergipe/Alagoas. Boletim Técnico da PETROBRÁS, 12 [for 
1969], 21−86.  
Schlanger, S.O., Arthur, M.A., Jenkyns, H.C. and Scholle, P.A. 1987. The Cenomanian–Turonian Oceanic 
Anoxic Event, I. Stratigraphy and distribution of organic carbon-rich beds and the marine d13C 
excursion. Geological Society, London, Special Publication, 26, 371−399. 
Schlanger, S.O. and Jenkyns, H.C. 1976. Cretaceous oceanic anoxic events: causes and consequences. Geologie 
en Mijnbouw, 55, 179−184. 
Schlotheim, E.T. von 1813. Beiträge zur Naturgeschichte der Versteinerungen in geognostischer Hinsicht. In: 
Leonhard’s Taschenbuch der Mineralogie, Band 7, pp. 1–134. Frankfurt. 
162 
 
Schneider, S., Niebuhr, B., Wilmse, M. and Vodrážka, R. 2011. Between the Alb and the Alps – The fauna of the 
Upper Cretaceous Sandbach Formation (Passau region, southeast Germany). Bulletin of Geosciences, 
86, 785–816. 
Schumacher, C.F. 1817. Essai d'un nouveau système des habitations des vers testacés, 287 pp. Schultz; 
Copenhagen. 
Scuderi, D. and Criscione, F. 2011. New ecological and taxonomical data on some Ptenoglossa (Mollusca, 
Caenogastropoda) from the Gulf of Catania (Ionian Sea). Biodiversity Journal, 2, 35−48. 
Scopoli, J.A. 1777. Introductio ad historiam naturalem, sistens genera lapidum, plantarum, et animalium, 
hactenus detecta, caracteribus essentialibus donata, in tribus divisa, subinde ad leges naturae, 506 pp. 
Wolfgang Gerle; Prag. 
Sedgwick, A. and Murchison, R.I. 1832. A sketch of the structure of the Eastern Alps; with sections through the 
newer formations on the northern flanks of the chain, and through the Tertiary deposits of Styria. 
Transactions of the Geological Society of London, second series, 3, 301−420. 
Seeling, J. 1999. Palaeontology and biostratigraphy of the macroinvertebrate fauna of the Cenomanian−Turonian 
transition of the Sergipe Basin, northeastern Brazil - with systematic description of bivalves and 
echinoids, 163 pp. Unpublished PhD thesis, Heidelberg University; Heidelberg.  
Seeling, J. 2004. Bioerosion of Late Cretaceous molluscs from Sergipe, Brazil. Neues Jahrbuch für Geologie 
und Paläontologie, Monatshefte, 7, 413−426. 
Seeling, J. and Bengtson, P. 1999. Cenomanian oysters from the Sergipe Basin, north−eastern Brazil. Cretaceous 
Research, 20, 747–765. 
Seeling, J. and Bengtson, P. 2003. The Late Cretaceous bivalve Didymotis Gerhardt, 1897 from Sergipe, Brazil. 
Paläontologische Zeitschrift, 77, 153−160. 
Sharpe, D. 1849. On Tylostoma, a proposed genus of gasteropodous mollusks. Quarterly Journal of the 
Geological Society, London, 5, 376−380. 
Shikama, T. and Yui, S. 1973. On some nerineid Gastropoda in Japan (preliminary report). Science reports of the 
Yokohama National University, section 2, 20, 9–57. 
Shimer, H.W. and Shrock, R.R. 1959. Index Fossils of North America: a New Work Based on the Complete 
Revision and Reillustration of Grabau and Shimer's “North American Index Fossils”, ix + 837 pp. 
Wiley; New York.  
Shumard, B.F. 1853. Paleontology. Description of the species of Carboniferous and Cretaceous fossils collected. 
In: R.B. Marcy (Ed.), Exploration of the Red River of Lousiana in the year 1852, pp. 197−211. Robert 
Armstrong; Washington.  
Shumard, B.F. 1860. Descriptions of new Cretaceous fossils from Texas. Transactions of the St. Louis Academy 
of Science, 1, 590−610. 
Shumard, B.F. 1861. Descriptions of new Cretaceous fossils from Texas. Proceedings of the Boston Society of 
Natural History, 8, 188−205. 
Simone, L.R.L. de and Mezzalira, S. 1994. Fossil molluscs of Brazil. Instituto Geológico, Boletim, 11, 1−202. 
Sirna, G. 1995. The nerineids: taxonomy, stratigraphy and paleoecology with particular references to Italian 
examples. Geologica Romana, 31, 285−305. 
Smettan, K. 1997. Bivalven, Gastropoden und Serpuliden aus den Branderfleckschichten (Cenoman) der 
Fahrenbergmulde (Nördliche Kalkalpen, Bayern). Taxonomie und Palökologie. Zitteliana, 21, 99−157. 
Smith, A.B. and Bengtson, P. 1991. Cretaceous echinoids from north-eastern Brazil. Fossils and Strata, 31, 
1−88. 
Sohl, N.F. 1960. Archeogastropoda, Mesogastropoda and stratigraphy of the Ripley Owl Creek, and Prairie Bluff 
formations. Geological Survey Professional Paper, 331-A, 1−150. 
Sohl, N.F. 1964a. Gastropods from the Coffee Sand (Upper Cretaceous) of Mississippi. Geological Survey 
Professional Paper, 331-C, 1−394. 
Sohl, N.F. 1964b. Neogastropoda, Opisthobranchia and Basommatophora from the Ripley, Owl Creek, and 
Prairie Bluff Formation. Geological Survey Professional Paper, 331-B, 1−344. 
Sohl, N.F. 1967. Upper Cretaceous gastropods from the Pierre Shale at Red Bird, Wyoming. Geological Survey 
Professional Paper, 393-B, 1−46. 
Sohl, N.F. 1977. Utility of gastropods in biostratigraphy. In: E.G. Kauffman, J.E. Hazel (Eds), Concepts and 
Methods of Biostratigraphy, pp. 519−539. Dowden, Hutchinson and Ross; Stroudsburg.  
Sohl, N.F. and Koch, C.F. 1983. Upper Cretaceous (Maestrichtian) Mollusca from the Haustator bilira 
Assemblage Zone in the East Gulf Coastal Plain. United States Geological Survey, Open File Report, 
83-451, 1−239. 
Souza-Lima, W., Andrade, E.J., Bengtson, P. and Galm, P.C. 2002. A bacia de Sergipe-Alagoas: Evolução 
geológica, estratigráfica e conteúdo fóssil - The Sergipe-Alagoas Basin: Geological evolution, 
stratigraphy and fossil content. Fundação Paleontológica Phoenix, Edição especial, 1, 1−34. 
Sowerby, J. 1812. The mineral conchology of Great Britain. Vol. 1, vii + 9−234 pp. Benjamin Meredith, 
Cheapside, sold by the author; London. 
Sowerby, J. 1814. [Linnean Society]. Annals of Philosophy, 4, 448−448. 
 163 
 
Sowerby, J. 1818. The mineral conchology of Great Britain. Vol. 2, 251 pp. Benjamin Meredith, Cheapside, sold 
by the author; London. 
Sowerby, J. 1829. The mineral conchology of Great Britain. Vol. 6, 230 pp. Benjamin Meredith, Cheapside, sold 
by the author; London. 
Sowerby, J. de C. 1838. Grossbritanniens Mineral-Conchologie oder ausgemahlte Abbildungen und 
Beschreibungen der Schalthier-Überreste, welche zu verschiedenen Zeiten und in verschiedenen Tiefen 
der Erde erhalten worden sind; von James Sowerby. Deutsche Bearbeitung, durchgesehen, berichtigt 
und bevorwortet, von D'Agassiz, viii + 689 pp., [for 1837]. Neuchatel. 
Squires, R.L. 1984. Megapaleontology of the Eocene Llajas Formation, Simi Valley, California. Natural History 
Museum of Los Angeles County, Contributions in Science, 350, 1−76. 
Squires, R.L. 1987. Eocene molluscan paleontology of the Whitaker Peak area, Los Angeles and Ventura 
counties, California. Natural History Museum of Los Angeles County, Contributions in Science, 
388, 1−93. 
Squires, R.L. 2011. Northeast Pacific Cretaceous record of Pyropsis (Neogastropoda: Pyropsidae) and 
paleobiogeography of the genus. Natural History Museum of Los Angeles County, Contributions in 
Science, 388, 1−93. 
Squires, R.L. and Saul, L.R. 2003. New Late Cretaceous epitoniid and zygopleurid gastropods from the Pacific 
slope of North America. The Veliger, 46, 20−49. 
Squires, R.L. and Saul, L.R. 2004. Uncommon Cretaceous naticiform gastropods from the Pacific slope of North 
America. The Veliger, 47, 21−37. 
Squires, R.L. and Saul, L.R. 2006. Additions and reﬁnements to Aptian to Santonian (Cretaceous) Turritella 
(Mollusca: Gastropoda) from the Paciﬁc slope of North America. The Veliger, 48, 46-60. 
Squires, R.L. and Saul, L.R. 2007. Paleocene pareorine turritellid gastropods from the Pacific slope of North 
America. The Nautilus, 121, 1−16. 
Stainbrook, M.A. 1940. Gastopoda of the Kiamichi shale of the Texas panhandle. The University of Texas 
Publications, 3945, 705−715. 
Stanley, S.M. 1970. Relation of shell form to life habits of the Bivalvia (Mollusca). Geological Society of 
America, Memoir, 125, 1−296. 
Stanley, S.M. 1972. Functional morphology and evolution of byssally attached bivalve molluscs. Journal of 
Paleontology, 46, 165−212. 
Stanton, T.W. 1894. The Colorado Formation and its invertebrate fauna. Bulletin of the United States Geological 
Survey, 106 [for 1893], 1−288.  
Stanton, T.W. 1895. Contributions to the Cretaceous paleontology of the Pacific coast: the fauna of the 
Knoxville beds. Bulletin of the United States Geological Survey, 133, 1−132. 
Stanton, T.W. 1947. Studies of some Comanche pelecypods and gastropods. Geological Survey Professional 
Paper, 211, 1−256. 
Steinmann, G. and Wilckens, O. 1908. Kreide- und Tertiärfossilien aus den Magellansländern, gesammelt von 
der schwedischen Expedition 1895−1897. Arkiv för Zoologi, 4, 1−118. 
Stephenson, L.W. 1941. The larger invertebrate fossils of the Navarro group of Texas. The University of Texas 
Publications, 4101, 1−641. 
Stephenson, L.W. 1951. Tryonella, a new generic name for Tryonia Stephenson, preoccupied. Journal of 
Paleontology, 25, 700. 
Stephenson, L.W. 1953. Larger invertebrate fossils of the Woodbine formation (Cenomanian) of Texas. 
Geological Survey Professional Paper, 242 [for 1952], 1−211, 219−225.  
Stilwell, J.D. and Henderson, R.A. 2002. Description and paleobiogeographic significance of a rare Cenomanian 
molluscan faunule from Bathurst Island, northern Australia. Journal of Paleontology, 76, 447−471. 
Stoliczka, F. 1865. Eine Revision der Gastropoden der Gosauschichten in den Ostalpen. Sitzungsberichte der 
Kaiserlichen Akademie der Wissenschaften. Mathematisch-Naturwissenschaftliche Classe, 52, 
104−223. 
Stoliczka, F. 1868. Cretaceous fauna of southern India. Vol. II. The Gastropoda. Palaeontologia Indica, 
Memoirs of the Geological Survey of India, 2, 1−498. 
Summesberger, H. 1985. Ammonite zonation of the Gosau Group (Upper Cretaceous, Austria). Annalen des 
Naturhistorischen Museums Wien, 87, 145-166. 
Suter, H. 1913. Manual of the New Zealand Mollusca, xxiii + 1120 pp. John Mackay; Wellington. 
Sutton, M.D. 2008. Tomographic techniques for the study of exceptionally preserved fossils. Proceedings of The 
Royal Society, B, 275, 1587−1593. 
Swainson, W. 1829. Zoological illustrations, or original figures and descriptions of new, rare or interesting 
animals, selected chiefly from the classes of ornithology, entomology, and conchology. Vol. I, vii + 269 
pp. Issued in parts [1832−33]. Baldwin and Cradock; London.  
Swainson, W. 1840. A treatise on malacology, or the natural classification of shells and shell-fish, 419 pp. 
Longman; London. 
164 
 
Taylor, J.D., Cleevely, R.J. and Morris, N.J. 1983. Predatory gastropods and their activities in the Blackdown 
Greensand (Albian) of England. Palaeontology, 26, 521−553. 
Termier, G. and Termier, H. 1952. Classe des gastéropodes. In: J. Piveteau (Ed.), Traité de paléontologie. Tome 
II, pp. 365−460. Masson et Cie; Paris.  
Thiele, J. 1929. Handbuch der systematischen Weichtierkunde 1, 2, pp. 1−376. Fischer; Jena. 
Thiele, J. 1931. Handbuch der systematischen Weichtierkunde 1, 1, pp. 377−778. Fischer; Jena. 
Thorson, G. 1957. Bottom communities (sublittoral or shallow shelf). In: J.W. Hedgeth (Ed.), Treatise on marine 
ecology and paleoecology, Vol. 1, Ecology. Geological Society of America, Memoir, 67, 461–534  
Tichy, G. 1980. Gastropoden als Leitfossilien. Geologisch-Paläontologische Mitteilungen Innsbruck, 9, 
239−261. 
Tschopp, E. and Dzemski, G. 2012. 3-Dimensional reproduction techniques to preserve and spread 
paleontological material – a case study with a diplodocid sauropod neck. Journal of Paleontological 
Techniques, 10, 1−8. 
Turgeon, S.C. and Creaser, R.A. 2008. Cretaceous oceanic anoxic event 2 triggered by a massive magmatic 
episode. Nature, 454, 323−326. 
Van Bentum, E.C., Reichart, G.-J., Forster, A. and Sinninghe Damsté, J.S. 2012. Latitudinal differences in the 
amplitude of the OAE-2 carbon isotopic excursion: pCO2 and paleo productivity. Biogeosciences, 9, 
717−731. 
Viviers, M.C., Koutsoukos, E.A.M., Silva-Telles Jr., A.C. and Bengtson, P. 2000. Stratigraphy and 
biogeographic affinities of the late Aptian−Campanian ostracods of the Potiguar and Sergipe basins in 
northeastern Brazil. Cretaceous Research, 21, 407−455. 
Voigt, S. 1996. Paläobiogeogaphie oberkretazischer Inoceramen und Rudisten – Ozeanographische und 
klimatologische Konsequenzen einer neuen Paläogeographie. Müncher Geowissenschaftliche 
Abhandlungen, Reihe A, 31, 1−102. 
Wade, B. 1917. New and little known Gastropoda from the Upper Cretaceous of Tennessee. Proceedings of the 
Academy of Natural Sciences of Philadelphia, 69, 280−304. 
Wade, B. 1926. The fauna of the Ripley formation on Coon Creek, Tennessee. Geological Survey Professional 
Paper, 137, 1−272. 
Walter, S. and Bengtson, P. 1998. Biostratigraphy and microfacies analysis of the Cenomanian–Turonian 
boundary beds in the Laranjerias and Itaporanga areas, Sergipe, northeastern Brazil. Terra Nostra: 
Schriften der Alfred-Wegener-Stiftung, 98, 170−171. 
Walter, S., Herrmann, A.D. and Bengtson, P. 2005. Stratigraphy and facies analysis of the Cenomanian–
Turonian boundary succession in the Japaratuba area, Sergipe Basin, Brazil. Journal of South American 
Earth Sciences, 19, 273−283. 
Weaver, C.E. 1943. Paleontology of the marine Tertiary formations of Oregon and Washington. University of 
Washington, Publications in Geology, 5, 1−789. 
Wenz, W. 1938. Handbuch der Paläozoologie. Gastropoda. Allgemeiner Teil und Prosobranchia, xii + 1639 pp. 
Borntraeger; Berlin. 
Wenz, W. and Zilch, A. 1959. Handbuch der Paläozoologie. Gastropoda. Euthyneura, Lieferung 1. xii + 200 pp. 
Borntraeger; Berlin. 
White, C.A. 1876. Invertebrate paleontology of the Plateau Province. In: J.W. Powell (Ed.), Report on the 
Geology of the Eastern Portion of the Uinta Mountains and a region of country adjacent thereto, pp. 
74−135. Government Printing Office; Washington.  
White, C.A. 1887. Contribuições á paleontologia do Brasil. Archivos do Museu Nacional do Rio de Janeiro, 7, 
1−273. 
White, C.A. 1889. On invertebrate fossils from the Pacific coast. Bulletin of the United States Geological Survey, 
51, 439−532. 
Whitney, F.L. 1911. Fauna of the Buda limestone. The University of Texas Bulletin, Scientific Series, 184, 1−56. 
Wieczorek, J. 1979. Upper Jurassic nerineacean gastropods from the Holy Cross Mts (Poland). Acta 
Palaeontologica Polonica, 24, 299−350. 
Williams, S.T. 2007. Origins and diversification of Indo-West Pacific marine fauna: evolutionary history and 
biogeography of turban shells (Gastropoda, Turbinidae). Biological Journal of the Linnean Society, 92, 
573−592. 
Williams, S.T., Karube, S. and Ozawa, T. 2007. Molecular systematics of Vetigastropoda: Trochidae, Turbinidae 
and Trochoidea redefined. Zoologica Scripta, 37, 483−506. 
Wilson, R.C.L. and Williams, C.A. 1979. Oceanic transform structures and the development of Atlantic 
continental margin sedimentary basins – a review. Journal of the Geological Society, London, 136, 
311−320. 
Wolff, H. 1970. Gastropodenfauna und Biotope des Oberalb (+ Vraconnien) vom Tennboden (Bayerische 
Kalkalpen, Chiemgau), 208 pp. Scheffel, H.; München. 
 165 
 
Wolff, H. and Schenk, V. 1972. Zur Taxonomie, Phylogenie und Paläogeographie von Ampullina 
(Pseudamaura) (Naticidae, Gastropoda) in der Kreide. Neues Jahrbuch für Geologie und 
Paläontologie, Abhandlungen, 140, 232−254. 
Woods, M.A. and Jones, N.S. 1996. The sedimentology and biostratigraphy of a temporary exposure of 
Blackdown Greensand (Lower Cretaceous, upper Albian) at Blackborough, Devon. Proceedings of the 
Ussher Society, 9, 37−40. 
Woodward, S. 1833. Outline of the geology of Norfolk. 53 pp. J. Stacy; Norwich. 
Wrigley, A. 1949. English Eocene and Oligocene Naticidae. Proceedings of the Malacological Society of 
London, 28, 10−30. 
Yang, J.K., Lövsund, P., Cavallero, C. and Bonnoit, J. 2000. A human-body 3D mathematical model for 
simulation of car-pedestrian impacts. Journal of Crash Prevention and Injury Control, 2, 131−149. 
Yonge, C.M. 1937. The biology of Aporrhais pes-pelicani (L.) and A. serresiana (Mich.). Journal of the Marine 
Biological Association of the United Kingdom (New Series), 21, 687−703. 
Yonge, C.M. 1946. On the habits of Turritella communis Risso. Journal of the Marine Biological Association of 
the United Kingdom, 26, 377−380. 
Yonge, C.M. 1953. Form and habit in Pinna carnea Gmelin. Philosophical Transactions of the Royal Society of 
London, Series B, Biological Sciences, 237, 335−374. 
Yonge, C.M. and Thompson, T.E. 1976. Living marine molluscs, 288 pp. William Collins Sons & Co; Glasgow, 
Scotland. 
Yonge, C.M. 1976. Mesogastropods – burrowers and drifters. In: C.M. Yonge and T.E. Thompson (Eds), Living 
marine molluscs, pp. 87−96. William Collins Sons & Co; Glasgow, Scotland. 
Zaghbib-Turki, D. 1989. Les échinides indicateurs des paléoenvironments: un exemple dans le Cénomanien de 
Tunisie. Annales de Paléontologie, 75, 63−81. 
Zakhera, M.S. 2002. Upper Cretaceous (Cenomanian−Maastrichtian) gastropods from west of the Gulf of Suez, 
Egypt. Neues Jahrbuch für Geologie und Paläontologie, Abhandlungen, 225, 297−336. 
Zekeli, L.F. 1852. Die Gasteropoden der Gosaugebilde in den nordöstlichen Alpen. Abhandlungen der 
kaiserlich-königlichen Reichsanstalt, 1, 1−124. 
Zittel, K.A. 1873. Die Gastropoden der Stramberger Schichten. Palaeontographica, Supplement, 2, 193−373. 
Zittel, K.A. 1903. Grundzüge der Paläontologie (Paläozoologie). 1. Abteilung: Invertebrata, viii + 544 pp. 
R. Oldenbourg; München, Berlin. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
166 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 167 
 
 
 
 
 
 
Appendix 
 
 
 
Cenomanian−Turonian (Upper Cretaceous) gastropods from the Sergipe Basin, north-eastern Brazil.xlsx Stand: 18.09.13 1
Locality Substage Specimen no. Taxon
Alto Verde 1 lower or middle Turonian C57.3 Avellana? sp. 
Alto Verde 1 lower or middle Turonian C57.2 ?
Alto Verde 5 lower or middle Turonian C58.45 Anchura? sp. 
Alto Verde 5 lower or middle Turonian C58.21 Acirsa? sp.
Alto Verde 5 lower or middle Turonian C58.20 Epitonium? sp. B
Alto Verde 5 lower or middle Turonian C58.2 ?
Alto Verde 5 lower or middle Turonian C58.18 ?
Alto Verde 5 lower or middle Turonian C58.42 ?
Aroeirinha 1 lower or middle Turonian C231.11 Turritella? vertebroides? Morton, 1834 
Aroeirinha 1 lower or middle Turonian C231.12 Turritella? vertebroides? Morton, 1834 
Aroeirinha 1 lower or middle Turonian C231.13 ?
Balde 1 lower or middle Turonian C581.26 Anchura? sp. 
Benjamim Constant 4 middle or upper Turonian C459.13 Aporrhais? sp.
Benjamim Constant 4 middle or upper Turonian C459.8 ?
Benjamim Constant 4 middle or upper Turonian C459.9 ?
Benjamim Constant 4 middle or upper Turonian C459.10 ?
Benjamim Constant 4 middle or upper Turonian C459.11 ?
Benjamim Constant 4 middle or upper Turonian C459.12 ?
Benjamim Constant 4 middle or upper Turonian C459.14 ?
Biriba 1 undifferentiated Cenomanian C517.10 ?
Biriba 1 undifferentiated Cenomanian C517.11 ?
Biriba 1 undifferentiated Cenomanian C517.12 ?
Boa Luz 9 lower or middle Turonian C312.7 “Cerithium”? sp. A
Boa Sorte 5 lower or middle Turonian C327.9 “Cerithium”? harttii? White, 1887
Boa Sorte 5 lower or middle Turonian C327.7 Piestochilus? (Cryptorhytis?) sp.
Boa Sorte 5 lower or middle Turonian C327.8 Volutilithes? sp. 
Boa Sorte 12 lower Turonian C586.1 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Buenos Aires 2 lower or middle Turonian C437.2 Anchura? sp. 
Bumburum 5 lower or middle Turonian C499.3 Turbo? (Marmarostoma?) sp.
Caieira 4 lower or middle Turonian C398.13 Gyrodes? edura? (Stoliczka, 1868) 
Caieira 4 lower or middle Turonian C398.14 Avellana? sp. 
Caieira 16 lower or middle Turonian C345.12 ?
Cajaíba 6 upper Turonian (possibly lower Coniacian) C204.17 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 6 upper Turonian (possibly lower Coniacian) C204.18 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
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Locality Substage Specimen no. Taxon
Cajaíba 6 upper Turonian (possibly lower Coniacian) C204.19 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Cajaíba 7 upper Turonian C37.257 Turbo? (Marmarostoma?) portentus? White, 1887 
Cajaíba 7 upper Turonian C37.246 Turbo? (Turbo?) sp.
Cajaíba 7 upper Turonian C37.9 Turbo? (Marmarostoma?) sp.
Cajaíba 7 upper Turonian C37.11 Turbo? (Marmarostoma?) sp.
Cajaíba 7 upper Turonian C37.194 Turbo? (Marmarostoma?) sp.
Cajaíba 7 upper Turonian C37.241 Turbo? (Marmarostoma?) sp.
Cajaíba 7 upper Turonian C37.242 Turbo? (Marmarostoma?) sp.
Cajaíba 7 upper Turonian C37.244 Turbo? (Marmarostoma?) sp.
Cajaíba 7 upper Turonian C37.245 Turbo? (Marmarostoma?) sp.
Cajaíba 7 upper Turonian C37.248 Turbo? (Marmarostoma?) sp.
Cajaíba 7 upper Turonian C37.340 Turbo? (Marmarostoma?) sp.
Cajaíba 7 upper Turonian C37.611 Turbo? (Marmarostoma?) sp.
Cajaíba 7 upper Turonian C37.49 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.51 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.155 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.156 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.157 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.162 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.163 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.164 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.165 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.206 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.208 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.209 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.211 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.213 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.214 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.215 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.216 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.218 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.220 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.224 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.225 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
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Cajaíba 7 upper Turonian C37.226 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.228 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.229 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.230 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.233 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.234 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.235 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.237 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.238 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.239 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.322 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.323 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.324 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.326 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.328 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.329 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.331 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.333 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.324a Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.325 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.330 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.332 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.596 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.603 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.613 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.621 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Cajaíba 7 upper Turonian C37.10 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.44 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.45 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.46 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.47 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.48 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.50 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.153 Pseudamaura? bulbiformis borealis (Frech, 1887) 
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Cajaíba 7 upper Turonian C37.154 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.159 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.160 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.161 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.166 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.195 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.207 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.210 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.212 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.217 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.219 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.221 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.222 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.223 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.227 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.232 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.238 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.240 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.260 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.327 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.334 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.335 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.338 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.339 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.601 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.602 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.605 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.608 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.618 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.619 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.620 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cajaíba 7 upper Turonian C37.236 Turritella? sp. B
Cajaíba 7 upper Turonian C37.258 Gyrodes biangulata? (Shumard, 1860) 
Cajaíba 7 upper Turonian C37.262 Gyrodes biangulata? (Shumard, 1860) 
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Cajaíba 7 upper Turonian C37.259 Gyrodes? sp. A
Cajaíba 7 upper Turonian C37.55 Aporrhais? sp.
Cajaíba 7 upper Turonian C37.196 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Cajaíba 7 upper Turonian C37.197 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Cajaíba 7 upper Turonian C37.344 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Cajaíba 7 upper Turonian C37.249 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Cajaíba 7 upper Turonian C37.627 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Cajaíba 7 upper Turonian C37.350 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Cajaíba 7 upper Turonian C37.600 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Cajaíba 7 upper Turonian C37.248x Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Cajaíba 7 upper Turonian C37.343 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Cajaíba 7 upper Turonian C37.617 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Cajaíba 7 upper Turonian C37.622 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Cajaíba 7 upper Turonian C37.247 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Cajaíba 7 upper Turonian C37.351 Anchura? sp. 
Cajaíba 7 upper Turonian C37.612 Tylostoma? sp. A
Cajaíba 7 upper Turonian C37.614 Tylostoma? sp. A
Cajaíba 7 upper Turonian C37.623 Tylostoma? sp. A
Cajaíba 7 upper Turonian C37.624 Fasciolaria? sp. 
Cajaíba 7 upper Turonian C37.625 Volutomorpha? aspera? Dall, 1907 
Cajaíba 7 upper Turonian C37.54 Volutomorpha sp. A
Cajaíba 7 upper Turonian C37.250 Volutomorpha sp. A
Cajaíba 7 upper Turonian C37.251 Volutomorpha sp. A
Cajaíba 7 upper Turonian C37.252 Volutomorpha sp. A
Cajaíba 7 upper Turonian C37.253 Volutomorpha sp. A
Cajaíba 7 upper Turonian C37.341 Volutomorpha sp. A
Cajaíba 7 upper Turonian C37.606 Volutomorpha sp. A
Cajaíba 7 upper Turonian C37.607 Volutomorpha sp. A
Cajaíba 7 upper Turonian C37.609 Volutomorpha sp. A
Cajaíba 7 upper Turonian C37.249 Volutomorpha sp. B
Cajaíba 7 upper Turonian C37.342 Volutomorpha sp. B
Cajaíba 7 upper Turonian C37.345 Volutomorpha sp. B
Cajaíba 7 upper Turonian C37.346 Volutomorpha sp. B
Cajaíba 7 upper Turonian C37.628 Volutomorpha sp. B
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Cajaíba 7 upper Turonian C37.244 Trophon? progne? White, 1887 
Cajaíba 7 upper Turonian C37.615 Trophon? progne? White, 1887 
Cajaíba 7 upper Turonian C37.254 Pyropsis? sp. 
Cajaíba 7 upper Turonian C37.255 Pyropsis? sp. 
Cajaíba 7 upper Turonian C37.272 Pyropsis? sp. 
Cajaíba 7 upper Turonian C37.348 Pyropsis? sp. 
Cajaíba 7 upper Turonian C37.594 Pyropsis? sp. 
Cajaíba 7 upper Turonian C37.593 Nerinea? riachuelana? Maury, 1937 
Cajaíba 7 upper Turonian C37.158 ?
Cajaíba 7 upper Turonian C37.198 ?
Cajaíba 7 upper Turonian C37.231 ?
Cajaíba 7 upper Turonian C37.291 ?
Cajaíba 7 upper Turonian C37.337 ?
Cajaíba 7 upper Turonian C37.599 ?
Cajaíba 7 upper Turonian C37.604 ?
Cajaíba 7 upper Turonian C37.355 ?
Cajaíba 7 upper Turonian C37.12 ?
Cajaíba 7 upper Turonian C37.626 ?
Cajaíba 7 upper Turonian C37.261 ?
Cajaíba 7 upper Turonian C37.610 ?
Cajaíba 7−10 upper Turonian 2/20, R.A. Reyment and E.A. Tait Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Caraíbas 1 undifferentiated upper Cenomanian C417.21 ?
Caraíbas 1 undifferentiated upper Cenomanian C417.22 ?
Caraíbas 5 lower Turonian C427.3 Aporrhais? sp.
Caraíbas 5 lower Turonian C427.2 ?
Cruzes 3 upper middle or upper Cenomanian C357.11 Aporrhais? sp.
Cruzes 3 upper middle or upper Cenomanian C357.10 Anchura? sp. 
Cruzes 3 upper middle or upper Cenomanian C357.20 Volutilithes? sp. 
Cruzes 3 upper middle or upper Cenomanian C357.15 Avellana? sp. 
Cruzes 3 upper middle or upper Cenomanian C357.16 Avellana? sp. 
Cruzes 3 upper middle or upper Cenomanian C357.17 Avellana? sp. 
Cruzes 3 upper middle or upper Cenomanian C357.18 Avellana? sp. 
Cruzes 3 upper middle or upper Cenomanian C357.10 Avellana? sp. 
Cruzes 3 upper middle or upper Cenomanian C357.18x Avellana? sp. 
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Cruzes 3 upper middle or upper Cenomanian C357.21 Avellana? sp. 
Cruzes 3 upper middle or upper Cenomanian C357.22 Avellana? sp. 
Cruzes 3 upper middle or upper Cenomanian C357.30 Avellana? sp. 
Cruzes 3 upper middle or upper Cenomanian C357.31 Avellana? sp. 
Cruzes 3 upper middle or upper Cenomanian C357.32 Avellana? sp. 
Cruzes 3 upper middle or upper Cenomanian C357.33 Avellana? sp. 
Cruzes 3 upper middle or upper Cenomanian C357.34 Avellana? sp. 
Cruzes 3 upper middle or upper Cenomanian C357.50 Avellana? sp. 
Cruzes 3 upper middle or upper Cenomanian C357.102x1 Avellana? sp. 
Cruzes 3 upper middle or upper Cenomanian C357.103x1 Avellana? sp. 
Cruzes 3 upper middle or upper Cenomanian C357.103x2 Avellana? sp. 
Cruzes 3 upper middle or upper Cenomanian C357.104 Avellana? sp. 
Cruzes 3 upper middle or upper Cenomanian C357.105 Avellana? sp. 
Cruzes 3 upper middle or upper Cenomanian C357.19 ?
Cruzes 3 upper middle or upper Cenomanian C357.24 ?
Cruzes 3 upper middle or upper Cenomanian C357.25 ?
Cruzes 3 upper middle or upper Cenomanian C357.36 ?
Cruzes 3 upper middle or upper Cenomanian C357.37 ?
Cruzes 3 upper middle or upper Cenomanian C357.38 ?
Cruzes 3 upper middle or upper Cenomanian C357.39 ?
Cruzes 3 upper middle or upper Cenomanian C357.40 ?
Cruzes 3 upper middle or upper Cenomanian C357.106 ?
Cruzes 3 upper middle or upper Cenomanian C357.9 ?
Cruzes 3 upper middle or upper Cenomanian C357.23 ?
Cruzes 3 upper middle or upper Cenomanian C357.11 ?
Cruzes 6 upper middle or upper Cenomanian C371.56 Gyrodes? edura? (Stoliczka, 1868) 
Cruzes 6 upper middle or upper Cenomanian C371.x1 Aporrhais? sp.
Cruzes 6 upper middle or upper Cenomanian C371.x2 Aporrhais? sp.
Cruzes 6 upper middle or upper Cenomanian C371.x3 Aporrhais? sp.
Cruzes 6 upper middle or upper Cenomanian C371.x4 Aporrhais? sp.
Cruzes 6 upper middle or upper Cenomanian C371.x5 Aporrhais? sp.
Cruzes 6 upper middle or upper Cenomanian C371.x6 Aporrhais? sp.
Cruzes 6 upper middle or upper Cenomanian C371.x7 Aporrhais? sp.
Cruzes 6 upper middle or upper Cenomanian C371.x8 Aporrhais? sp.
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Cruzes 6 upper middle or upper Cenomanian C371.x9 Aporrhais? sp.
Cruzes 6 upper middle or upper Cenomanian C371.53x1 Aporrhais? sp.
Cruzes 6 upper middle or upper Cenomanian C371.53x2 Aporrhais? sp.
Cruzes 6 upper middle or upper Cenomanian C371.54x1 Aporrhais? sp.
Cruzes 6 upper middle or upper Cenomanian C371.54x2 Aporrhais? sp.
Cruzes 6 upper middle or upper Cenomanian C371.54x3 Aporrhais? sp.
Cruzes 6 upper middle or upper Cenomanian C371.54x4 Aporrhais? sp.
Cruzes 6 upper middle or upper Cenomanian C371.54x5 Aporrhais? sp.
Cruzes 6 upper middle or upper Cenomanian C371.54x6 Aporrhais? sp.
Cruzes 6 upper middle or upper Cenomanian C371.54x7 Aporrhais? sp.
Cruzes 6 upper middle or upper Cenomanian C371.54x8 Aporrhais? sp.
Cruzes 6 upper middle or upper Cenomanian C371.182 Aporrhais? sp.
Cruzes 6 upper middle or upper Cenomanian C371.183 Aporrhais? sp.
Cruzes 6 upper middle or upper Cenomanian C371.184 Aporrhais? sp.
Cruzes 6 upper middle or upper Cenomanian C371.180 Drepanocheilus? sp. A
Cruzes 6 upper middle or upper Cenomanian C371.57 ?
Cruzes 6 upper middle or upper Cenomanian C371.58 ?
Cruzes 6 upper middle or upper Cenomanian C371.59 ?
Cruzes 6 upper middle or upper Cenomanian C371.185 ?
Cruzes 6 upper middle or upper Cenomanian C371.186 ?
Cruzes 6 upper middle or upper Cenomanian C371.187 ?
Cruzes 6 upper middle or upper Cenomanian C371.188 ?
Cruzes 6 upper middle or upper Cenomanian C371.189 ?
Cruzes 6 upper middle or upper Cenomanian C371.x2 ?
Cruzes 7 upper middle or upper Cenomanian C364.13 Aporrhais? dutrugei? (Coquand, 1862) 
Cruzes 7 upper middle or upper Cenomanian C364.11 Avellana? sp. 
Cruzes 7 upper middle or upper Cenomanian C364.25 Avellana? sp. 
Cruzes 7 upper middle or upper Cenomanian C364.26 Avellana? sp. 
Cruzes 7 upper middle or upper Cenomanian C364.27 Avellana? sp. 
Cruzes 7 upper middle or upper Cenomanian C364.28 Avellana? sp. 
Cruzes 7 upper middle or upper Cenomanian C364.29 Avellana? sp. 
Cruzes 7 upper middle or upper Cenomanian C364.2 ?
Cruzes 7 upper middle or upper Cenomanian C364.14 ?
Cruzes 7 upper middle or upper Cenomanian C364.34 ?
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Cruzes 7 upper middle or upper Cenomanian C364.35 ?
Cruzes 7 upper middle or upper Cenomanian C364.36 ?
Cruzes 7 upper middle or upper Cenomanian C364.37 ?
Cruzes 7 upper middle or upper Cenomanian C364.38 ?
Cruzes 7 upper middle or upper Cenomanian C364.4 Turritella? sp. A
Cruzes 7 upper middle or upper Cenomanian C364.5 Turritella? sp. A
Cruzes 7 upper middle or upper Cenomanian C364.6 Turritella? sp. A
Cruzes 7 upper middle or upper Cenomanian C364.7 Turritella? sp. A
Cruzes 7 upper middle or upper Cenomanian C364.8 Turritella? sp. A
Cruzes 7 upper middle or upper Cenomanian C364.9 Turritella? sp. A
Cruzes 7 upper middle or upper Cenomanian C364.10 Turritella? sp. A
Cruzes 7 upper middle or upper Cenomanian C364.15 Turritella? sp. A
Cruzes 7 upper middle or upper Cenomanian C364.16 Turritella? sp. A
Cruzes 7 upper middle or upper Cenomanian C364.17 Turritella? sp. A
Cruzes 7 upper middle or upper Cenomanian C364.18 Turritella? sp. A
Cruzes 7 upper middle or upper Cenomanian C364.19 Turritella? sp. A
Cruzes 7 upper middle or upper Cenomanian C364.20 ?
Cruzes 7 upper middle or upper Cenomanian C364.21 ?
Cruzes 7 upper middle or upper Cenomanian C364.22 ?
Cruzes 7 upper middle or upper Cenomanian C364.23 ?
Cruzes 7 upper middle or upper Cenomanian C364.24 ?
Cruzes 7 upper middle or upper Cenomanian C364.30 ?
Cruzes 7 upper middle or upper Cenomanian C364.31 ?
Cruzes 7 upper middle or upper Cenomanian C364.32 ?
Cruzes 7 upper middle or upper Cenomanian C364.33 ?
Cruzes 8 upper middle or upper Cenomanian C358.2 Aporrhais? dutrugei? (Coquand, 1862) 
Cruzes 8 upper middle or upper Cenomanian C358.14 Aporrhais? dutrugei? (Coquand, 1862) 
Cruzes 8 upper middle or upper Cenomanian C358.15 Aporrhais? dutrugei? (Coquand, 1862) 
Cruzes 8 upper middle or upper Cenomanian C359.55 Aporrhais? sp.
Cruzes 8 upper middle or upper Cenomanian C359.56 Aporrhais? sp.
Cruzes 8 upper middle or upper Cenomanian C359.57 Aporrhais? sp.
Cruzes 8 upper middle or upper Cenomanian C359.58 Aporrhais? sp.
Cruzes 8 upper middle or upper Cenomanian C359.59 Aporrhais? sp.
Cruzes 8 upper middle or upper Cenomanian C359.60 Aporrhais? sp.
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Cruzes 8 upper middle or upper Cenomanian C359.61 Aporrhais? sp.
Cruzes 8 upper middle or upper Cenomanian C360.1 Aporrhais? sp.
Cruzes 8 upper middle or upper Cenomanian C360.2 Aporrhais? sp.
Cruzes 8 upper middle or upper Cenomanian C360.3 Aporrhais? sp.
Cruzes 8 upper middle or upper Cenomanian C360.4 Aporrhais? sp.
Cruzes 8 upper middle or upper Cenomanian C360.5 Aporrhais? sp.
Cruzes 8 upper middle or upper Cenomanian C360.6 Aporrhais? sp.
Cruzes 8 upper middle or upper Cenomanian C360.7 Aporrhais? sp.
Cruzes 8 upper middle or upper Cenomanian C359.37 Drepanocheilus? sp. B
Cruzes 8 upper middle or upper Cenomanian C359.74 Drepanocheilus? sp. B
Cruzes 8 upper middle or upper Cenomanian C358.7 Anchura? sp. 
Cruzes 8 upper middle or upper Cenomanian C358.8 Anchura? sp. 
Cruzes 8 upper middle or upper Cenomanian C359.14 Anchura? sp. 
Cruzes 8 upper middle or upper Cenomanian C359.16 Anchura? sp. 
Cruzes 8 upper middle or upper Cenomanian C359.17 Anchura? sp. 
Cruzes 8 upper middle or upper Cenomanian C359.18 Anchura? sp. 
Cruzes 8 upper middle or upper Cenomanian C359.33 Anchura? sp. 
Cruzes 8 upper middle or upper Cenomanian C359.34 Anchura? sp. 
Cruzes 8 upper middle or upper Cenomanian C359.35 Anchura? sp. 
Cruzes 8 upper middle or upper Cenomanian C359.36 Anchura? sp. 
Cruzes 8 upper middle or upper Cenomanian C360.1 Anchura? sp. 
Cruzes 8 upper middle or upper Cenomanian C359.3 Tylostoma? brasilianum? Maury, 1925 
Cruzes 8 upper middle or upper Cenomanian C359.75 Pyropsis? sp. 
Cruzes 8 upper middle or upper Cenomanian C359.54 Bulla? sp. 
Cruzes 8 upper middle or upper Cenomanian C360.24 Bulla? sp. 
Cruzes 8 upper middle or upper Cenomanian C359.13 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C359.31 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C359.63 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C359.64 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C359.65 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C359.66 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C359.67 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C359.68 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C359.69 Avellana? sp. 
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Cruzes 8 upper middle or upper Cenomanian C359.70 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C359.71 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C359.72 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C359.73 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C360.3 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C360.4 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C360.2 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C360.8 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C360.9 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C360.10 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C360.11 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C360.12 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C360.13 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C360.14 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C360.15 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C360.16 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C360.17 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C360.18 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C360.19 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C360.20 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C360.21 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C360.22 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C360.23 Avellana? sp. 
Cruzes 8 upper middle or upper Cenomanian C360.5 ?
Cruzes 8 upper middle or upper Cenomanian C360.25 ?
Cruzes 8 upper middle or upper Cenomanian C360.26 ?
Cruzes 8 upper middle or upper Cenomanian C360.27 ?
Cruzes 8 upper middle or upper Cenomanian C359.1 ?
Cruzes 8 upper middle or upper Cenomanian C359.6 ?
Cruzes 8 upper middle or upper Cenomanian C359.24 ?
Cruzes 8 upper middle or upper Cenomanian C359.25 ?
Cruzes 8 upper middle or upper Cenomanian C359.26 ?
Cruzes 8 upper middle or upper Cenomanian C359.27 ?
Cruzes 8 upper middle or upper Cenomanian C359.28 ?
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Cruzes 8 upper middle or upper Cenomanian C359.29 ?
Cruzes 8 upper middle or upper Cenomanian C359.76 ?
Cruzes 8 upper middle or upper Cenomanian C359.77 ?
Cruzes 8 upper middle or upper Cenomanian C359.78 ?
Cruzes 8 upper middle or upper Cenomanian C359.79 ?
Cruzes 8 upper middle or upper Cenomanian C359.80 ?
Cruzes 8 upper middle or upper Cenomanian C359.81 ?
Cruzes 8 upper middle or upper Cenomanian C359.82 ?
Cruzes 8 upper middle or upper Cenomanian C359.83 ?
Cruzes 8 upper middle or upper Cenomanian C359.84 ?
Cruzes 8 upper middle or upper Cenomanian C359.85 ?
Cruzes 8 upper middle or upper Cenomanian C359.86 ?
Cruzes 8 upper middle or upper Cenomanian C359.87 ?
Cruzes 8 upper middle or upper Cenomanian C359.88 ?
Cruzes 8 upper middle or upper Cenomanian C359.89 ?
Cruzes 8 upper middle or upper Cenomanian C359.90 ?
Cruzes 8 upper middle or upper Cenomanian C359.91 ?
Cruzes 8 upper middle or upper Cenomanian C359.92 ?
Cruzes 8 upper middle or upper Cenomanian C359.93 ?
Cruzes 8 upper middle or upper Cenomanian C359.94 ?
Cruzes 8 upper middle or upper Cenomanian C359.95 ?
Cruzes 8 upper middle or upper Cenomanian C359.96 ?
Cruzes 8 upper middle or upper Cenomanian C359.97 ?
Cruzes 8 upper middle or upper Cenomanian C359.98 ?
Cruzes 8 upper middle or upper Cenomanian C359.99 ?
Cruzes 8 upper middle or upper Cenomanian C359.100 ?
Cruzes 8 upper middle or upper Cenomanian C359.101 ?
Cruzes 8 upper middle or upper Cenomanian C359.102 ?
Cruzes 8 upper middle or upper Cenomanian C359.103 ?
Cruzes 8 upper middle or upper Cenomanian C359.104 ?
Cruzes 8 upper middle or upper Cenomanian C358.5 ?
Cruzes 8 upper middle or upper Cenomanian C358.9 Turritella? sp. A
Cruzes 8 upper middle or upper Cenomanian C358.10 Turritella? sp. A
Cruzes 8 upper middle or upper Cenomanian C358.11 Turritella? sp. A
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Cruzes 8 upper middle or upper Cenomanian C358.12 Turritella? sp. A
Cruzes 8 upper middle or upper Cenomanian C359.15 Turritella? sp. A
Cruzes 8 upper middle or upper Cenomanian C359.32 Turritella? sp. A
Cruzes 8 upper middle or upper Cenomanian C359.39 Turritella? sp. A
Cruzes 8 upper middle or upper Cenomanian C359.40 Turritella? sp. A
Cruzes 8 upper middle or upper Cenomanian C359.41 Turritella? sp. A
Cruzes 8 upper middle or upper Cenomanian C359.42 Turritella? sp. A
Cruzes 8 upper middle or upper Cenomanian C359.43 Turritella? sp. A
Cruzes 8 upper middle or upper Cenomanian C359.44 Turritella? sp. A
Cruzes 8 upper middle or upper Cenomanian C359.45 Turritella? sp. A
Cruzes 8 upper middle or upper Cenomanian C359.46 Turritella? sp. A
Cruzes 8 upper middle or upper Cenomanian C359.47 Turritella? sp. A
Cruzes 8 upper middle or upper Cenomanian C359.48 Turritella? sp. A
Cruzes 8 upper middle or upper Cenomanian C359.49 Turritella? sp. A
Cruzes 8 upper middle or upper Cenomanian C359.50 Turritella? sp. A
Cruzes 8 upper middle or upper Cenomanian C359.51 Turritella? sp. A
Cruzes 8 upper middle or upper Cenomanian C360.6 Turritella? sp. A
Cruzes 8 upper middle or upper Cenomanian C359.23 ?
Cruzes 8 upper middle or upper Cenomanian C359.22 ?
Cruzes 8 upper middle or upper Cenomanian C359.2 ?
Cruzes 8 upper middle or upper Cenomanian C359.76 ?
Cruzes 8 upper middle or upper Cenomanian C359.77 ?
Cruzes 8 upper middle or upper Cenomanian C359.78 ?
Cruzes 8 upper middle or upper Cenomanian C359.79 ?
Cruzes 8 upper middle or upper Cenomanian C359.80 ?
Cruzes 8 upper middle or upper Cenomanian C359.81 ?
Cruzes 8 upper middle or upper Cenomanian C359.82 ?
Cruzes 8 upper middle or upper Cenomanian C359.83 ?
Cruzes 8 upper middle or upper Cenomanian C359.84 ?
Cruzes 8 upper middle or upper Cenomanian C359.85 ?
Cruzes 8 upper middle or upper Cenomanian C359.86 ?
Cruzes 8 upper middle or upper Cenomanian C359.87 ?
Cruzes 8 upper middle or upper Cenomanian C359.88 ?
Cruzes 8 upper middle or upper Cenomanian C359.89 ?
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Cruzes 8 upper middle or upper Cenomanian C359.90 ?
Cruzes 8 upper middle or upper Cenomanian C359.91 ?
Cruzes 8 upper middle or upper Cenomanian C359.92 ?
Cruzes 8 upper middle or upper Cenomanian C359.93 ?
Cruzes 8 upper middle or upper Cenomanian C359.94 ?
Cruzes 8 upper middle or upper Cenomanian C359.95 ?
Cruzes 8 upper middle or upper Cenomanian C359.96 ?
Cruzes 8 upper middle or upper Cenomanian C359.97 ?
Cruzes 8 upper middle or upper Cenomanian C359.98 ?
Cruzes 8 upper middle or upper Cenomanian C359.99 ?
Cruzes 8 upper middle or upper Cenomanian C359.100 ?
Cruzes 8 upper middle or upper Cenomanian C359.101 ?
Cruzes 8 upper middle or upper Cenomanian C359.102 ?
Cruzes 8 upper middle or upper Cenomanian C359.103 ?
Cruzes 8 upper middle or upper Cenomanian C359.104 ?
Cruzes 9 upper middle or upper Cenomanian C375.1 Tylostoma? brasilianum? Maury, 1925 
Cruzes 9 upper middle or upper Cenomanian C375.52 Avellana? sp.
Cruzes 9 upper middle or upper Cenomanian C375.2 ?
Cruzes 10 lower middle Cenomanian C446.1 Volutomorpha? aspera? Dall, 1907 
Cruzes 11 upper middle Cenomanian C361.34 Turritella? vertebroides? Morton, 1834 
Cruzes 11 upper middle Cenomanian C361.2 Aporrhais? sp.
Cruzes 11 upper middle Cenomanian C361.9 Aporrhais? sp.
Cruzes 11 upper middle Cenomanian C361.36 Aporrhais? sp.
Cruzes 11 upper middle Cenomanian C361.94 Aporrhais? sp.
Cruzes 11 upper middle Cenomanian C361.103 Aporrhais? sp.
Cruzes 11 upper middle Cenomanian C363.1 Anchura? sp. 
Cruzes 11 upper middle Cenomanian C361.33 Epitonium? sp. A
Cruzes 11 upper middle Cenomanian C361.37 Volutomorpha? aspera? Dall, 1907 
Cruzes 11 upper middle Cenomanian C361.104 Volutomorpha? aspera? Dall, 1907 
Cruzes 11 upper middle Cenomanian C361.33x Avellana? sp. 
Cruzes 11 upper middle Cenomanian C361.1 Avellana? sp. 
Cruzes 11 upper middle Cenomanian C361.32 Avellana? sp. 
Cruzes 11 upper middle Cenomanian C361.35 ?
Cruzes 11 upper middle Cenomanian C361.6 Turritella? sp. A
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Cruzes 15 lower middle Cenomanian C379.7 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Cruzes 15 lower middle Cenomanian C379.24 ?
Cruzes 17 upper Cenomanian or lower Turonian C376.19 Piestochilus? (Cryptorhytis?) sp.
Cruzes 17 upper Cenomanian or lower Turonian C376.17 Anchura? sp. 
Cruzes 17 upper Cenomanian or lower Turonian C376.16 Pyropsis? sp. 
Cruzes 17 upper Cenomanian or lower Turonian C376.7 ?
Cruzes 17 upper Cenomanian or lower Turonian C376.18 ?
General Maynard 1 lower or middle Turonian C448.15x1 Drepanocheilus? sp. B
General Maynard 1 lower or middle Turonian C448.15x2 Drepanocheilus? sp. B
General Maynard 1 lower or middle Turonian C448.16 Anchura? sp. 
General Maynard 1 lower or middle Turonian C448.14 Volutomorpha? aspera? Dall, 1907 
General Maynard 1 lower or middle Turonian C448.10 ?
General Maynard 3 lower or middle Turonian C481.6 Aporrhais? sp.
General Maynard 3 lower or middle Turonian C481.2x1 Aporrhais? sp.
General Maynard 3 lower or middle Turonian C481.2x2 Aporrhais? sp.
General Maynard 3 lower or middle Turonian C481.2x3 Aporrhais? sp.
General Maynard 3 lower or middle Turonian C481.2x4 Aporrhais? sp.
General Maynard 3 lower or middle Turonian C481.2x5 Aporrhais? sp.
General Maynard 3 lower or middle Turonian C481.2x6 Aporrhais? sp.
General Maynard 3 lower or middle Turonian C481.16 Aporrhais? sp.
General Maynard 3 lower or middle Turonian C481.18 Aporrhais? sp.
General Maynard 3 lower or middle Turonian C481.15x Avellana? sp. 
General Maynard 3 lower or middle Turonian C481.15x1 Avellana? sp. 
General Maynard 3 lower or middle Turonian C481.15x2 Avellana? sp. 
Itaporanga 2 lower Cenomanian C112.29 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Itaporanga 2 lower Cenomanian C112.49 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Itaporanga 2−3 lower Cenomanian C112x.6 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Itaporanga 2−3 lower Cenomanian C112x.16 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Itaporanga 2−3 lower Cenomanian C112x.137 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Itaporanga 2−3 lower Cenomanian C112x.65 Turritella? sp. B
Itaporanga 2−3 lower Cenomanian C112x.126x1 Gyrodes? edura? (Stoliczka, 1868) 
Itaporanga 2−3 lower Cenomanian C112x.126x2 Gyrodes? edura? (Stoliczka, 1868) 
Itaporanga 2−3 lower Cenomanian C112x.126x3 Gyrodes? edura? (Stoliczka, 1868) 
Itaporanga 2−3 lower Cenomanian C112x.126x4 Gyrodes? edura? (Stoliczka, 1868) 
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Itaporanga 2−3 lower Cenomanian C112x.126x5 Gyrodes? edura? (Stoliczka, 1868) 
Itaporanga 2−3 lower Cenomanian C112x.34 Euspira? sp.
Itaporanga 2−3 lower Cenomanian C112x.155 Euspira? sp.
Itaporanga 2−3 lower Cenomanian C112x.66 Tylostoma? brasilianum? Maury, 1925 
Itaporanga 2−3 lower Cenomanian C112x.67 Tylostoma? brasilianum? Maury, 1925 
Itaporanga 2−3 lower Cenomanian C112x.69 Tylostoma? brasilianum? Maury, 1925 
Itaporanga 2−3 lower Cenomanian C112x.70 Tylostoma? brasilianum? Maury, 1925 
Itaporanga 2−3 lower Cenomanian C112x.129 Tylostoma? brasilianum? Maury, 1925 
Itaporanga 2−3 lower Cenomanian C112x.130 Tylostoma? brasilianum? Maury, 1925 
Itaporanga 2−3 lower Cenomanian C112x.150 Tylostoma? brasilianum? Maury, 1925 
Itaporanga 2−3 lower Cenomanian C112x.4 Nerinea sp.
Itaporanga 2−3 lower Cenomanian C112x.140 ?
Itaporanga 2−3 lower Cenomanian C112x.148 ?
Itaporanga 2−3 lower Cenomanian C112x.173 ?
Itaporanga 2−3 lower Cenomanian C112x.146 ?
Itaporanga 2−3 lower Cenomanian C112x.139 ?
Itaporanga 3 lower Cenomanian C112.403 Turritella? sp. B
Itaporanga 3 lower Cenomanian C112.12 Euspira? sp.
Itaporanga 3 lower Cenomanian C112 Tylostoma? brasilianum? Maury, 1925 
Itaporanga 3 lower Cenomanian C112.? Tylostoma? brasilianum? Maury, 1925 
Itaporanga 3 lower Cenomanian C112.13 Tylostoma? brasilianum? Maury, 1925 
Itaporanga 3 lower Cenomanian C112.30 Tylostoma? brasilianum? Maury, 1925 
Itaporanga 3 lower Cenomanian C112.48 Tylostoma? brasilianum? Maury, 1925 
Japaratuba 4 upper Cenomanian or lower Turonian C109.15 Anchura? sp. 
Japaratuba 6 upper Cenomanian or lower Turonian C170.12 Piestochilus? (Cryptorhytis?) sp.
Japaratuba 6 upper Cenomanian or lower Turonian C170.14 Piestochilus? (Cryptorhytis?) sp.
Japaratuba 6 upper Cenomanian or lower Turonian C170.15 Piestochilus? (Cryptorhytis?) sp.
Japaratuba 10 upper middle or upper Cenomanian C352.8 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Japaratuba 10 upper middle or upper Cenomanian C352.2x Aporrhais? dutrugei? (Coquand, 1862) 
Japaratuba 10 upper middle or upper Cenomanian C352.7 Tylostoma? brasilianum? Maury, 1925 
Japaratuba 10 upper middle or upper Cenomanian C352.3 ?
Japaratuba 10 upper middle or upper Cenomanian C352.4 ?
Japaratuba 10 upper middle or upper Cenomanian C352.8 ?
Japaratuba 10 upper middle or upper Cenomanian C352.2 ?
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Japaratuba 11 upper Cenomanian C507.74 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Japaratuba 11 upper Cenomanian C507.75 Aporrhais? dutrugei? (Coquand, 1862) 
Japaratuba 11 upper Cenomanian C507.21 Piestochilus? (Cryptorhytis?) sp.
Japaratuba 11 upper Cenomanian C507.20 ?
Japaratuba 12 upper Cenomanian C617.14 ?
Japaratuba 13 upper Cenomanian C616.11 Aporrhais? dutrugei? (Coquand, 1862) 
Japaratuba 14 upper Cenomanian C618.23 “Cerithium”? tenouklense? (Coquand, 1862) 
Japaratuba 14 upper Cenomanian C618.26 Aporrhais? dutrugei? (Coquand, 1862) 
Japaratuba 14 upper Cenomanian C618.27 Anchura? sp. 
Japaratuba 14 upper Cenomanian C618.22 Tylostoma? brasilianum? Maury, 1925 
Japaratuba 14 upper Cenomanian C618.44 ?
Japaratuba 14 upper Cenomanian C618.28 ?
Japaratuba 14 upper Cenomanian C618.25 ?
Jardim 1 upper Cenomanian C116.68 Avellana? sp. 
Jardim 1 upper Cenomanian C116.65 ?
Jardim 1 upper Cenomanian C116.67 ?
Jardim 1 upper Cenomanian C116.66 ?
Jardim 2 lower or middle Turonian C117.6 ?
Jardim 3 upper middle or upper Cenomanian C478.1 Avellana? sp.
Jardim 7 upper middle Cenomanian C458.2 Volutomorpha? aspera? Dall, 1907 
Jardim 7 upper middle Cenomanian C458.17 ?
Jardim 7 upper middle Cenomanian C458.3 Avellana? sp. 
Jardim 7 upper middle Cenomanian C458.7x1 Avellana? sp. 
Jardim 7 upper middle Cenomanian C458.7x2 Avellana? sp. 
Jardim 7 upper middle Cenomanian C458.7x3 Avellana? sp. 
Jardim 7 upper middle Cenomanian C458.7x4 Avellana? sp. 
Jardim 9 upper middle Cenomanian C462.6 Aporrhais? sp.
Jardim 9 upper middle Cenomanian C462.8 Aporrhais? sp.
Jardim 9 upper middle Cenomanian C462.9 Aporrhais? sp.
Jardim 9 upper middle Cenomanian C462.4 Piestochilus? (Cryptorhytis?) sp.
Jardim 9 upper middle Cenomanian C462.7 ?
Jardim 10 upper middle Cenomanian C620.4x1 Aporrhais? sp.
Jardim 10 upper middle Cenomanian C620.4x2 Aporrhais? sp.
Jardim 16 upper Cenomanian C512.6 Aporrhais? sp.
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Jardim 16 upper Cenomanian C512.7 Aporrhais? sp.
Jardim 16 upper Cenomanian C512.4 Avellana? sp. 
Jardim 16 upper Cenomanian C512.7b ?
Jardim 19 upper Cenomanian C464x.10 Aporrhais? sp.
Jardim 19 upper Cenomanian C464.126 Aporrhais? sp.
Jardim 19 upper Cenomanian C464.125 ?
Jardim 24 upper middle Cenomanian C469.17 Aporrhais? sp.
Jardim 24 upper middle Cenomanian C469.19 Aporrhais? sp.
Jardim 24 upper middle Cenomanian C469.19a Aporrhais? sp.
Jardim 24 upper middle Cenomanian C469.28 Aporrhais? sp.
Jardim 24 upper middle Cenomanian C469.29 Volutomorpha? aspera? Dall, 1907 
Jardim 24 upper middle Cenomanian C469.8 Avellana? sp. 
Jardim 24 upper middle Cenomanian C469.18 Avellana? sp. 
Jardim 24 upper middle Cenomanian C469.31x2 Avellana? sp. 
Jardim 24 upper middle Cenomanian C469.20 Avellana? sp. 
Jardim 24 upper middle Cenomanian C469.18x ?
Jardim 24 upper middle Cenomanian C469.19b ?
Jardim 24 upper middle Cenomanian C469.30 ?
Jardim 24 upper middle Cenomanian C479.10 ?
Jardim 24 upper middle Cenomanian C469.31x1 Aporrhais? sp.
Jericó 3 lower middle or upper middle Cenomanian C384.9 Avellana? sp. 
Jericó 4 upper middle or upper Cenomanian C385.1 ?
Jericó 4 upper middle or upper Cenomanian C385.2 ?
Jericó 6 upper middle or upper Cenomanian C386.4 Turritella? vertebroides? Morton, 1834 
Jericó 6 upper middle or upper Cenomanian C386.2 Aporrhais? sp.
Jericó 6 upper middle or upper Cenomanian C386.8 Aporrhais? sp.
Jericó 6 upper middle or upper Cenomanian C386.7 Drepanocheilus? sp. A
Jericó 6 upper middle or upper Cenomanian C386.6 Drepanocheilus? sp. A
Jericó 6 upper middle or upper Cenomanian C386.14x1 Avellana? sp. 
Jericó 6 upper middle or upper Cenomanian C386.3 Turritella? sp. A
Jericó 6 upper middle or upper Cenomanian C386.5 Turritella? sp. A
Jericó 6 upper middle or upper Cenomanian C386.9 Turritella? sp. A
Laranjeiras 5 upper Cenomanian C301.7 Mesalia? shumardi? Stephenson, 1952 
Laranjeiras 5 upper Cenomanian C301.9 Drepanocheilus? sp. B
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Laranjeiras 5 upper Cenomanian C301.8 Anchura? sp. 
Laranjeiras 5 upper Cenomanian C301.10 Tylostoma? brasilianum? Maury, 1925 
Laranjeiras 14 upper Cenomanian or lower Turonian C284.13 Gyrodes? edura? (Stoliczka, 1868) 
Laranjeiras 14 upper Cenomanian or lower Turonian C284.12 Piestochilus? (Cryptorhytis?) sp.
Laranjeiras 14 upper Cenomanian or lower Turonian C284.14 ?
Laranjeiras 16 upper Cenomanian C282.109 Gyrodes? edura? (Stoliczka, 1868) 
Laranjeiras 17 lower Turonian C281.7 Piestochilus? (Cryptorhytis?) sp.
Laranjeiras 21 ?lower or middle Turonian C61.5 Anchura? sp. 
Laranjeiras 22 lower or middle Turonian C62.14 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Laranjeiras 22 lower or middle Turonian C62.59 Tylostoma? brasilianum? Maury, 1925 
Lombada 1 lower or middle Turonian C141.13 Anchura? sp. 
Lombada 3 lower or middle Turonian C144.5 Aporrhais? sp.
Lombada 16 upper Turonian C138.30 Gyrodes? edura? (Stoliczka, 1868) 
Lombada 16 upper Turonian C138.31 Gyrodes? edura? (Stoliczka, 1868) 
Lombada 16 upper Turonian C138.29 Anchura? sp. 
Lombada 16 upper Turonian C138.32 ?
Machado 1 lower or middle Turonian C97.2 Anchura? sp. 
Machado 5 lower or middle Turonian C246.3 Volutomorpha? aspera? Dall, 1907 
Machado 6 lower or middle Turonian C245.5 ?
Machado 8 lower or middle Turonian C243.1 Aporrhais? dutrugei? (Coquand, 1862) 
Machado 8 lower or middle Turonian C243.2 Anchura? sp. 
Machado 8 lower or middle Turonian C243.x2 Anchura? sp. 
Machado 8 lower or middle Turonian C243.3 Anchura? sp. 
Machado 8 lower or middle Turonian C243.4 Anchura? sp. 
Machado 10 lower or middle Turonian C259.5 ?
Machado 13 lower or middle Turonian C548.6 Anchura? sp. 
Madre de Deus 4 lower or middle Turonian C280.7 Drepanocheilus? sp. B
Magalhães 3 lower middle Cenomanian C389.1 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Magalhães 5 lower middle Cenomanian C363.1 Anchura? sp. 
Magalhães 7 lower Turonian C354.x1 Aporrhais? sp.
Magalhães 7 lower Turonian C354.11 Aporrhais? sp.
Magalhães 7 lower Turonian C354.13a Aporrhais? sp.
Magalhães 7 lower Turonian C354.13b Aporrhais? sp.
Magalhães 7 lower Turonian C354.13x Aporrhais? sp.
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Magalhães 7 lower Turonian C354.14 Cylichna? secalina? Shumard, 1861 
Magalhães 7 lower Turonian C354.13x2 Avellana? sp. 
Magalhães 7 lower Turonian C354.2 Avellana? sp. 
Magalhães 7 lower Turonian C354.2 ?
Magalhães 7 lower Turonian C354.12x ?
Maracujá 5 lower or middle Turonian C622.13 ?
Mata 7 upper Turonian C233.60 Gyrodes? edura? (Stoliczka, 1868) 
Mata 7 upper Turonian C233.34 Aporrhais? sp.
Mata 7 upper Turonian C233.35 Aporrhais? sp.
Mata 7 upper Turonian C233.36 Aporrhais? sp.
Mata 7 upper Turonian C233.44 Aporrhais? sp.
Mata 7 upper Turonian C233.46 Aporrhais? sp.
Mata 7 upper Turonian C233.47 Aporrhais? sp.
Mata 7 upper Turonian C233.50 Aporrhais? sp.
Mata 7 upper Turonian C233.63 Aporrhais? sp.
Mata 7 upper Turonian C233.64 Aporrhais? sp.
Mata 7 upper Turonian C233.65 Drepanocheilus? sp. A
Mata 7 upper Turonian C233.48 Drepanocheilus? sp. A
Mata 7 upper Turonian C233.51 Drepanocheilus? sp. A
Mata 7 upper Turonian C233.58 Anchura? sp. 
Mata 7 upper Turonian C233.59 Anchura? sp. 
Mata 7 upper Turonian C233.66 Anchura? sp. 
Mata 7 upper Turonian C233.53 Avellana? sp. 
Mata 7 upper Turonian C233.9 Avellana? sp. 
Mata 7 upper Turonian C233.61 Avellana? sp. 
Mata 7 upper Turonian C233.69 Avellana? sp. 
Mata 7 upper Turonian C233.70 Avellana? sp. 
Mata 7 upper Turonian C233.49 ?
Mata 7 upper Turonian C233.54 ?
Mata 7 upper Turonian C233.55 ?
Mata 7 upper Turonian C233.57 ?
Mata 7 upper Turonian C233.62 ?
Mata 7 upper Turonian C233.67 ?
Mata 7 upper Turonian C233.110 ?
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Mata 9 upper Turonian C238.39 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Mata 9 upper Turonian C238.52 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Mata 9 upper Turonian C238.154 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Mata 9 upper Turonian C238.155 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Mata 9 upper Turonian C238.17 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Mata 9 upper Turonian C238.38 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Mata 9 upper Turonian C238.40 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Mata 9 upper Turonian C238.41 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Mata 9 upper Turonian C238.42 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Mata 9 upper Turonian C238.43 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Mata 9 upper Turonian C238.44 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Mata 9 upper Turonian C238.45 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Mata 9 upper Turonian C238.46 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Mata 9 upper Turonian C238.47 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Mata 9 upper Turonian C238.48 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Mata 9 upper Turonian C238.49 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Mata 9 upper Turonian C238.50 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Mata 9 upper Turonian C238.51 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Mata 9 upper Turonian C238.53 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Mata 9 upper Turonian C238.151 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Mata 9 upper Turonian C238.153 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Mata 9 upper Turonian C238.1x “Cerithium”? tenouklense? (Coquand, 1862) 
Mata 9 upper Turonian C238.36 Anchura? sp. 
Mata 9 upper Turonian C238.152 Tylostoma? sp. B
Mata 10 upper Turonian (possibly lower Coniacian) C367.11 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Muçuca 2 lower or middle Turonian C45.82 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Muçuca 2 lower or middle Turonian C45.52 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Muçuca 2 lower or middle Turonian C45.67 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Muçuca 2 lower or middle Turonian C45.1 Gyrodes? edura? (Stoliczka, 1868) 
Muçuca 2 lower or middle Turonian C45.68 Piestochilus? (Cryptorhytis?) sp.
Mucuri 6 upper Turonian C369.8 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Mucuri 7 upper Turonian or lower Coniacian C26.101 Turbo? (Marmarostoma?) sp.
Mucuri 7 upper Turonian or lower Coniacian C26.90 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Mucuri 7 upper Turonian or lower Coniacian 1/19, R.A. Reyment and E.A. Tait, probably C26 Pseudamaura? bulbiformis borealis (Frech, 1887) 
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Mucuri 7 upper Turonian or lower Coniacian C26.116 Fasciolaria? sp. 
Mucuri 7 upper Turonian or lower Coniacian C26.130 Volutomorpha? aspera? Dall, 1907 
Mucuri 10 upper Turonian C28.10 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Mucuri 10 upper Turonian C28.21 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Mucuri 10 upper Turonian C29.3 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Mucuri 10 upper Turonian C28.10 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Mucuri 10 upper Turonian C28.14 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Mucuri 10 upper Turonian C28.15 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Mucuri 10 upper Turonian C28.34 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Mucuri 10 upper Turonian C28.35 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Mucuri 10 upper Turonian C28.36 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Mucuri 10 upper Turonian C28.12 Aporrhais? dutrugei? (Coquand, 1862) 
Mucuri 10 upper Turonian C28.20 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Mucuri 10 upper Turonian C28.11 Anchura? sp. 
Mucuri 10 upper Turonian C29.19 Tylostoma? sp. C
Mucuri 10 upper Turonian C28.22 ?
Mucuri 15 upper Turonian (possibly lower Coniacian) C534.2 Turbo? (Turbo?) sp.
Mucuri 15 upper Turonian (possibly lower Coniacian) C534.3 Turbo? (Marmarostoma?) sp.
Mucuri 15 upper Turonian (possibly lower Coniacian) C534.4 Tylostoma? sp. B
Mucuri 15 upper Turonian (possibly lower Coniacian) C534.5 ?
Oiteiro 3 upper Turonian C166.4 Gyrodes supraplicatus? (Conrad, 1858)
Oiteiro 4 upper Turonian C34.16 Gyrodes acutimargo? (Roemer, 1841) 
Oiteiro 8 upper Turonian (possibly lower Coniacian) C110.2 Piestochilus? (Cryptorhytis?) sp.
Oiteiro 8 upper Turonian (possibly lower Coniacian) C110.1 Nerinea? riachuelana? Maury, 1937 
Oiteiro 9 upper Turonian C305.1 ?
Oiteiro 18 upper Turonian C39.4 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Oiteiro 19 upper Turonian C41.128 Turbo? (Marmarostoma?) portentus? White, 1887 
Oiteiro 19 upper Turonian C40.1 Turbo? (Marmarostoma?) sp.
Oiteiro 19 upper Turonian C41.5 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Oiteiro 19 upper Turonian C41.6 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Oiteiro 19 upper Turonian C41.46 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Oiteiro 19 upper Turonian C41.58 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Oiteiro 19 upper Turonian C41.73 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Oiteiro 19 upper Turonian C41.88 Pseudamaura? bulbiformis borealis (Frech, 1887) 
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Oiteiro 19 upper Turonian C41.121 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Oiteiro 19 upper Turonian C41.124 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Oiteiro 19 upper Turonian C41.125 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Oiteiro 19 upper Turonian C41.130 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Oiteiro 19 upper Turonian C41.133 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Oiteiro 19 upper Turonian C41.134 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Oiteiro 19 upper Turonian C41.135 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Oiteiro 19 upper Turonian C41.72 Mesalia? hebe? White, 1887 
Oiteiro 19 upper Turonian C41.7 “Cerithium”? tenouklense? (Coquand, 1862) 
Oiteiro 19 upper Turonian C41.10 “Cerithium”? tenouklense? (Coquand, 1862) 
Oiteiro 19 upper Turonian C41.47 “Cerithium”? tenouklense? (Coquand, 1862) 
Oiteiro 19 upper Turonian C41.48 “Cerithium”? tenouklense? (Coquand, 1862) 
Oiteiro 19 upper Turonian C41.49 “Cerithium”? tenouklense? (Coquand, 1862) 
Oiteiro 19 upper Turonian C41.50 “Cerithium”? tenouklense? (Coquand, 1862) 
Oiteiro 19 upper Turonian C41.51 “Cerithium”? tenouklense? (Coquand, 1862) 
Oiteiro 19 upper Turonian C41.122 “Cerithium”? tenouklense? (Coquand, 1862) 
Oiteiro 19 upper Turonian C40.2 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Oiteiro 19 upper Turonian C41.59 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Oiteiro 19 upper Turonian C41.137 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Oiteiro 19 upper Turonian C41.136 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Oiteiro 19 upper Turonian C41.70 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Oiteiro 19 upper Turonian C41.69 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Oiteiro 19 upper Turonian C41.9 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Oiteiro 19 upper Turonian C41.83 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Oiteiro 19 upper Turonian C41.82 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Oiteiro 19 upper Turonian C41.138 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Oiteiro 19 upper Turonian C41.131 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Oiteiro 19 upper Turonian C41.132 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Oiteiro 19 upper Turonian C41.8 Tylostoma? brasilianum? Maury, 1925 
Oiteiro 19 upper Turonian C41.84 Volutomorpha? aspera? Dall, 1907 
Oiteiro 19 upper Turonian C41.85 Volutomorpha? aspera? Dall, 1907 
Oiteiro 19 upper Turonian C41.71 Volutomorpha sp. A
Oiteiro 19 upper Turonian C41.86 Trophon? progne? White, 1887 
Oiteiro 19 upper Turonian C41.87 Trophon? progne? White, 1887 
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Oiteiro 19 upper Turonian C41.126 Trophon? progne? White, 1887 
Oiteiro 19 upper Turonian C41.129 Trophon? progne? White, 1887 
Oiteiro 19 upper Turonian C41.105 Trophon? progne? White, 1887 
Oiteiro 19 upper Turonian C41.63 Pyropsis? sp. 
Oiteiro 19 upper Turonian C41.61 ?
Oiteiro 19 upper Turonian C41.62 ?
Oiteiro 19 upper Turonian C41.78 ?
Oiteiro 19 upper Turonian C41.123 ?
Oiteiro 22 upper Turonian C153.2 Aporrhais? sp.
Oiteiro 22 upper Turonian C153.2 Drepanocheilus? sp. A
Oiteiro 22 upper Turonian C153.7 ?
Oiteiro 23 upper Turonian C214.11 Gyrodes? edura? (Stoliczka, 1868) 
Oiteiro 23 upper Turonian C214.14 Drepanocheilus? sp. A
Oiteiro 23 upper Turonian C214.13 Drepanocheilus? sp. B
Oiteiro 23 upper Turonian C214.12 Piestochilus? (Cryptorhytis?) sp.
Oiteiro 23 upper Turonian C214.15 ?
Oiteiro 24 upper Turonian C528.3 Drepanocheilus? sp. A
Oiteiro 26 upper Turonian C215.27 Turbo? (Marmarostoma?) portentus? White, 1887 
Oiteiro 28 upper Turonian C15.20 Gyrodes acutimargo? (Roemer, 1841) 
Oiteiro 28 upper Turonian C15.21 Gyrodes acutimargo? (Roemer, 1841) 
Oiteiro 28 upper Turonian C15.8 Piestochilus? (Cryptorhytis?) bleicheri (Thomas and Peron in Peron, 1889) 
Oiteiro 28 upper Turonian C15.28 Volutomorpha? aspera? Dall, 1907 
Oiteiro 28 upper Turonian C15.34 Volutomorpha? aspera? Dall, 1907 
Olho d’Água 1 upper Cenomanian C430.7 Turritella? vertebroides? Morton, 1834 
Pedra Branca 3 undifferentiated Cenomanian C267.5 ?
Pedra Branca 8 lower Turonian C262.9 Drepanocheilus? sp. A
Pedra Branca 8 lower Turonian C262.8 Anchura? sp. 
Pedra Branca 8 lower Turonian C262.10 ?
Pedra Branca 17 lower or middle Turonian C9.6 ?
Pedra Furada 3 lower or middle Turonian C94.27 Turritella? sp. A
Pedra Furada 3 lower or middle Turonian C94.28x “Cerithium”? tenouklense? (Coquand, 1862) 
Pedra Furada 3 lower or middle Turonian C94.28y “Cerithium”? tenouklense? (Coquand, 1862) 
Pedra Furada 3 lower or middle Turonian C94.29 “Cerithium”? tenouklense? (Coquand, 1862) 
Pedra Furada 3 lower or middle Turonian C94.26 Anchura? sp. 
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Pedra Furada 3 lower or middle Turonian C94.31 Volutomorpha sp. A
Pedra Furada 3 lower or middle Turonian C94.28 ?
Pedra Furada 3 lower or middle Turonian C94.30 ?
Pedra Furada 4 lower or middle Turonian C95 “Cerithium”? sp. B 
Pedra Furada 4 lower or middle Turonian C95.34 Piestochilus? (Cryptorhytis?) sp.
Pedra Furada 4 lower or middle Turonian C95.35 Volutomorpha? aspera? Dall, 1907 
Pedra Furada 4 lower or middle Turonian C95.42 Cylichna? secalina? Shumard, 1861 
Pedra Furada 4 lower or middle Turonian C95.38 ?
Pedra Furada 4 lower or middle Turonian C95.64 ?
Pedra Furada 4 lower or middle Turonian C95.96 ?
Pedra Furada 4 lower or middle Turonian C95.26 ?
Pedra Furada 4 lower or middle Turonian C95.40 ?
Pedra Furada 5 lower or middle Turonian C96.9 ?
Pedra Furada 8 lower or middle Turonian C315.6 Turritella? vertebroides? Morton, 1834 
Pedra Furada 8 lower or middle Turonian C315.4 Piestochilus? (Cryptorhytis?) sp.
Pedra Furada 8 lower or middle Turonian C315.9 Cylichna? secalina? Shumard, 1861 
Pedra Furada 8 lower or middle Turonian C315.2 ?
Pedra Furada 8 lower or middle Turonian C315.3 ?
Pedra Furada 9 lower or middle Turonian C316.4 ?
Pedra Furada 11 lower or middle Turonian C325.5 Turbo? (Marmarostoma?) sp.
Pedra Furada 12 lower or middle Turonian C72.9 Gyrodes? edura? (Stoliczka, 1868) 
Pedra Furada 12 lower or middle Turonian C72.3 ?
Pedra Furada 13 lower or middle Turonian C73.11 Drepanocheilus? sp. B
Pedra Furada 13 lower or middle Turonian C73.22 Drepanocheilus? sp. B
Pedra Furada 13 lower or middle Turonian C73.9 Piestochilus? (Cryptorhytis?) sp.
Pedra Furada 13 lower or middle Turonian C73.20 Anchura? sp. 
Pedra Furada 13 lower or middle Turonian C73.21 Anchura? sp. 
Pedra Furada 13 lower or middle Turonian C73.47 Anchura? sp. 
Pedra Furada 13 lower or middle Turonian C73.23 ?
Pedra Furada 15 lower or middle Turonian C89.15 Piestochilus? (Cryptorhytis?) sp.
Pedra Furada 15 lower or middle Turonian C89.16 Volutilithes? sp. 
Pedra Furada 17 lower Turonian C551.15 Turritella? sp. A
Pedra Furada 17 lower Turonian C551.16x1 Turritella? sp. A
Pedra Furada 17 lower Turonian C551.16x2 Turritella? sp. A
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Pedra Furada 17 lower Turonian C551.16x3 Turritella? sp. A
Pedra Furada 17 lower Turonian C551.16x4 Turritella? sp. A
Pedra Furada 17 lower Turonian C551.16x5 Turritella? sp. A
Pedra Furada 17 lower Turonian C551.16x6 Turritella? sp. A
Pedra Furada 17 lower Turonian C551.16x7 Turritella? sp. A
Pedra Furada 17 lower Turonian C551.17x1 Turritella? sp. A
Pedra Furada 17 lower Turonian C551.17x2 Turritella? sp. A
Pedra Furada 17 lower Turonian C551.17x3 Turritella? sp. A
Pedro Gonçalves 3 lower or middle Turonian C505.16 “Cerithium”? riachuelanum? Maury, 1937 
Pilar 9 upper Turonian C627.4 ?
Porto da Cruz 1 undifferentiated Cenomanian C513.46 ?
Porto da Cruz 1 undifferentiated Cenomanian C513.42 ?
Porto da Cruz 1 undifferentiated Cenomanian C513.43 ?
Porto da Cruz 1 undifferentiated Cenomanian C513.44 ?
Porto da Cruz 1 undifferentiated Cenomanian C513.45 ?
Praia 8 upper middle Cenomanian C520.1 ?
Praia 9 probably lower Cenomanian C339 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Praia 9 probably lower Cenomanian C339b.10 Tylostoma? brasilianum? Maury, 1925 
Praia 9 probably lower Cenomanian C339b.11 Tylostoma? brasilianum? Maury, 1925 
Praia 9 probably upper Albian C339b.9 “Cerithium”? harttii? White, 1887
Quizanga 1 upper Turonian C621.27 Piestochilus? (Cryptorhytis?) sp.
Retiro 3 lower or middle Turonian C78.10 ?
Retiro 8 lower or middle Turonian C83.26 Gyrodes? edura? (Stoliczka, 1868) 
Retiro 8 lower or middle Turonian C83.25 Drepanocheilus? sp. B
Retiro 8 lower or middle Turonian C83.23 ?
Retiro 15 middle or upper Turonian C38.208 Gyrodes? edura? (Stoliczka, 1868) 
Retiro 16 lower or middle Turonian C120.117 Aporrhais? sp.
Retiro 16 lower or middle Turonian C120.115 Drepanocheilus? sp. A
Retiro 16 lower or middle Turonian C120.116 Drepanocheilus? sp. A
Retiro 16 lower or middle Turonian C120.118 Drepanocheilus? sp. A
Retiro 16 lower or middle Turonian C120.114 Anchura? sp. 
Ribeira 5 lower or middle Turonian C17.2a−b Drepanocheilus? sp. A
Ribeira 12 lower or middle Turonian C317.12 “Cerithium”? harttii? White, 1887
Ribeira 12 lower or middle Turonian C317.11 Volutilithes? sp. 
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Ribeira 15 lower or middle Turonian C555.4 Turritella? sp. A
Ribeira 16 lower or middle Turonian C556.3 ?
Rita Cacete 3 lower or middle Turonian C91.18 Gyrodes? edura? (Stoliczka, 1868) 
Salobro 2 ?lower or middle Turonian C402.3 ?
Salobro 3 lower or middle Turonian C403.6 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Salobro 3 lower or middle Turonian C403.5 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Santa Cruz 1 lower or middle Turonian C93.15 Aporrhais? sp.
Santa Cruz 1 lower or middle Turonian C93.94 Drepanocheilus? sp. B
Santa Cruz 8 middle or upper Turonian C184.26 Gyrodes? edura? (Stoliczka, 1868) 
Santa Cruz 8 middle or upper Turonian C184.27 Gyrodes? edura? (Stoliczka, 1868) 
Santa Cruz 8 middle or upper Turonian C184.28 Gyrodes? edura? (Stoliczka, 1868) 
Santa Cruz 8 middle or upper Turonian C184.18 Aporrhais? sp.
Santa Cruz 8 middle or upper Turonian C184.23 Aporrhais? sp.
Santa Cruz 8 middle or upper Turonian C184.19 Drepanocheilus? sp. A
Santa Cruz 8 middle or upper Turonian C184.20 Drepanocheilus? sp. A
Santa Cruz 8 middle or upper Turonian C184.21 Drepanocheilus? sp. A
Santa Cruz 8 middle or upper Turonian C184.22 Drepanocheilus? sp. A
Santa Cruz 8 middle or upper Turonian C184.61x Piestochilus? (Cryptorhytis?) sp.
Santa Cruz 8 middle or upper Turonian C184.34 Anchura? sp. 
Santa Cruz 8 middle or upper Turonian C184.25 Avellana? sp. 
Santa Cruz 8 middle or upper Turonian C184.32 ?
Santa Cruz 8 middle or upper Turonian C184.33 ?
Santa Cruz 11 upper Turonian C502.08 Drepanocheilus? sp. A
Santa Cruz 14 upper Turonian C626.12 Drepanocheilus? sp. A
São Francisco 1 upper Turonian C483.8 Avellana? sp. 
São Francisco 2 upper Turonian C482.5 “Cerithium”? tenouklense? (Coquand, 1862) 
São Pedro 12 ?lower Turonian C584.4 ?
São Roque 1 lower or middle Turonian C50.9 Turbo? (Marmarostoma?) sp.
São Roque 1 lower or middle Turonian C50.8 “Cerithium”? tenouklense? (Coquand, 1862) 
São Roque 2 lower or middle Turonian C46.152 Turritella? vertebroides? Morton, 1834 
São Roque 2 lower or middle Turonian C46.2 Piestochilus? (Cryptorhytis?) sp.
São Roque 2 lower or middle Turonian C46.244 Anchura? sp. 
São Roque 2 lower or middle Turonian C46.243 Anchura? sp. 
São Roque 2 lower or middle Turonian C46.246 Tylostoma? brasilianum? Maury, 1925 
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São Roque 2 lower or middle Turonian C46.247 Tylostoma? brasilianum? Maury, 1925 
São Roque 2 lower or middle Turonian C46.366 ?
São Roque 3 lower Turonian C642.4 ?
São Roque 6 lower or middle Turonian C124.37 Gyrodes? edura? (Stoliczka, 1868) 
São Roque 6 lower or middle Turonian C124.40 Piestochilus? (Cryptorhytis?) sp.
São Roque 6 lower or middle Turonian C124.35 Anchura? sp. 
São Roque 6 lower or middle Turonian C124.36 Anchura? sp. 
São Roque 6 lower or middle Turonian C124.x36 Anchura? sp. 
São Roque 6 lower or middle Turonian C124.39 Anchura? sp. 
São Roque 6 lower or middle Turonian C124.34 ?
São Roque 6 lower or middle Turonian C124.38 Turritella? sp. A
São Roque 7 lower or middle Turonian C123.1 Aporrhais? sp.
São Roque 7 lower or middle Turonian C123.2 ?
Sergipe 5 lower Turonian C296.8 Aporrhais? dutrugei? (Coquand, 1862) 
Sergipe 5 lower Turonian C296.9 ?
Sergipe 8 upper Cenomanian or lower Turonian C290.1 “Cerithium”? harttii? White, 1887
Socorro 2 upper Turonian C134.15 Anchura? sp. 
Socorro 4 upper Turonian C488.12 Drepanocheilus? sp. B
Socorro 4 upper Turonian C488.13 Anchura? sp. 
Socorro 4 upper Turonian C488.10 Volutomorpha? aspera? Dall, 1907 
Socorro 4 upper Turonian C488.9 ?
Socorro 4 upper Turonian C488.11 ?
Socorro 7 upper Turonian (possibly lower Coniacian) C3.11 Drepanocheilus? sp. A
Socorro 7 upper Turonian (possibly lower Coniacian) C3.2 Avellana? sp. 
Socorro 7 upper Turonian (possibly lower Coniacian) C3.3 ?
Socorro 7 upper Turonian (possibly lower Coniacian) C3.42 Drepanocheilus? sp. B
Socorro 7 upper Turonian (possibly lower Coniacian) C3.43 ?
Socorro 7 upper Turonian (possibly lower Coniacian) C3.66a−b Aporrhais? sp.
Socorro 7 upper Turonian (possibly lower Coniacian) C3.67 Aporrhais? sp.
Socorro 7 upper Turonian (possibly lower Coniacian) C3.67x ?
Socorro 7 upper Turonian (possibly lower Coniacian) C3.68a “Cerithium”? sp. A
Socorro 7 upper Turonian (possibly lower Coniacian) C3.68x ?
Socorro 7 upper Turonian (possibly lower Coniacian) C3.69 Aporrhais? sp.
Socorro 7 upper Turonian (possibly lower Coniacian) C3.7 ?
Cenomanian−Turonian (Upper Cretaceous) gastropods from the Sergipe Basin, north-eastern Brazil.xlsx Stand: 18.09.13 29
Locality Substage Specimen no. Taxon
Socorro 7 upper Turonian (possibly lower Coniacian) C3.70 Aporrhais? sp.
Socorro 7 upper Turonian (possibly lower Coniacian) C3.71 Aporrhais? sp.
Socorro 7 upper Turonian (possibly lower Coniacian) C3.72 Aporrhais? sp.
Socorro 7 upper Turonian (possibly lower Coniacian) C3.73 Anchura? sp. 
Socorro 7 upper Turonian (possibly lower Coniacian) C3.75 ?
Socorro 11 upper Turonian (possibly lower Coniacian) C36.5 Volutomorpha? aspera? Dall, 1907 
Socorro 11 upper Turonian (possibly lower Coniacian) C36.17 ?
Tabocas 1 upper Turonian (possibly lower Coniacian) C168.23 Pseudamaura? bulbiformis bulbiformis (Sowerby in Sedgwick and Murchison, 1832) 
Tabocas 1 upper Turonian (possibly lower Coniacian) C168.24 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Tabocas 1 upper Turonian (possibly lower Coniacian) C168.4 Gyrodes? edura? (Stoliczka, 1868) 
Tabocas 1 upper Turonian (possibly lower Coniacian) C168.16 ?
Timbó 4 upper Cenomanian C452.15 Aporrhais? dutrugei? (Coquand, 1862) 
Timbó 4 upper Cenomanian C452.2 Drepanocheilus? sp. B
Timbó 4 upper Cenomanian C452.8 Drepanocheilus? sp. B
Timbó 4 upper Cenomanian C452.17 Drepanocheilus? sp. B
Timbó 4 upper Cenomanian C452.32 Drepanocheilus? sp. B
Timbó 4 upper Cenomanian C452.33 Drepanocheilus? sp. B
Timbó 4 upper Cenomanian C452.34 Drepanocheilus? sp. B
Timbó 4 upper Cenomanian C452.160 Drepanocheilus? sp. B
Timbó 4 upper Cenomanian C452.1 Anchura? sp. 
Timbó 4 upper Cenomanian C452.18 Anchura? sp. 
Timbó 4 upper Cenomanian C452.19 Anchura? sp. 
Timbó 4 upper Cenomanian C452.26 Anchura? sp. 
Timbó 4 upper Cenomanian C452.27 Anchura? sp. 
Timbó 4 upper Cenomanian C452.15 Epitonium? sp. B
Timbó 4 upper Cenomanian C452.35 Volutilithes? sp. 
Timbó 4 upper Cenomanian C452.51 Avellana? sp. 
Timbó 4 upper Cenomanian C452.52 Avellana? sp. 
Timbó 4 upper Cenomanian C452.53 Avellana? sp. 
Timbó 4 upper Cenomanian C452.54 Avellana? sp. 
Timbó 4 upper Cenomanian C452.55 Avellana? sp. 
Timbó 4 upper Cenomanian C452.56 Avellana? sp. 
Timbó 4 upper Cenomanian C452.74 Avellana? sp. 
Timbó 4 upper Cenomanian C452.7 ?
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Timbó 4 upper Cenomanian C452.9 ?
Timbó 4 upper Cenomanian C452.10 ?
Timbó 4 upper Cenomanian C452.21x ?
Timbó 4 upper Cenomanian C452.22x ?
Timbó 4 upper Cenomanian C452.23x ?
Timbó 4 upper Cenomanian C452.24x ?
Timbó 4 upper Cenomanian C452.20 ?
Timbó 4 upper Cenomanian C452.21 ?
Timbó 4 upper Cenomanian C452.22 ?
Timbó 4 upper Cenomanian C452.23 ?
Timbó 4 upper Cenomanian C452.24 ?
Timbó 4 upper Cenomanian C452.25 ?
Timbó 4 upper Cenomanian C452.50 ?
Timbó 4 upper Cenomanian C452.75 ?
Timbó 4 upper Cenomanian C452.76 ?
Timbó 4 upper Cenomanian C452.77 ?
Timbó 4 upper Cenomanian C452.78 ?
Timbó 4 upper Cenomanian C452.16 Turritella? sp. A
Timbó 4 upper Cenomanian C452.3 Aporrhais? sp.
Timbó 4 upper Cenomanian C452.4 Aporrhais? sp.
Timbó 4 upper Cenomanian C452.5 Aporrhais? sp.
Timbó 4 upper Cenomanian C452.11 Aporrhais? sp.
Timbó 4 upper Cenomanian C452.12 Aporrhais? sp.
Timbó 4 upper Cenomanian C452.13 Aporrhais? sp.
Timbó 4 upper Cenomanian C452.25x Aporrhais? sp.
Timbó 4 upper Cenomanian C452.44 Aporrhais? sp.
Timbó 4 upper Cenomanian C452.45 Aporrhais? sp.
Timbó 4 upper Cenomanian C452.46 Aporrhais? sp.
Timbó 4 upper Cenomanian C452.47 Aporrhais? sp.
Timbó 4 upper Cenomanian C452.48 Aporrhais? sp.
Timbó 4 upper Cenomanian C452.49 Aporrhais? sp.
Timbó 4 upper Cenomanian C452.3 Drepanocheilus? sp. A
Timbó 4 upper Cenomanian C452.4 Drepanocheilus? sp. A
Timbó 4 upper Cenomanian C452.57 ?
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Timbó 4 upper Cenomanian C452.58 ?
Timbó 4 upper Cenomanian C452.59 ?
Timbó 4 upper Cenomanian C452.60 ?
Timbó 4 upper Cenomanian C452.61 ?
Timbó 4 upper Cenomanian C452.62 ?
Timbó 4 upper Cenomanian C452.63 ?
Timbó 4 upper Cenomanian C452.64 ?
Timbó 4 upper Cenomanian C452.65 ?
Timbó 4 upper Cenomanian C452.14 ?
Timbó 4 upper Cenomanian C452.15 ?
Timbó 4 upper Cenomanian C452.16 ?
Timbó 4 upper Cenomanian C452.17 ?
Timbó 4 upper Cenomanian C452.18 ?
Timbó 4 upper Cenomanian C452.19 ?
Timbó 4 upper Cenomanian C452.66 ?
Timbó 4 upper Cenomanian C452.67 ?
Timbó 4 upper Cenomanian C452.68 ?
Timbó 4 upper Cenomanian C452.69 ?
Timbó 4 upper Cenomanian C452.70 ?
Timbó 4 upper Cenomanian C452.71 ?
Timbó 4 upper Cenomanian C452.72 ?
Timbó 4 upper Cenomanian C452.73 ?
Timbó 4 upper Cenomanian C452.36 ?
Timbó 4 upper Cenomanian C452.37 ?
Timbó 4 upper Cenomanian C452.38 ?
Timbó 4 upper Cenomanian C452.39 ?
Timbó 4 upper Cenomanian C452.40 ?
Timbó 4 upper Cenomanian C452.41 ?
Timbó 4 upper Cenomanian C452.42 ?
Timbó 4 upper Cenomanian C452.43 ?
Timbó 4 upper Cenomanian C452.x ?
Timbó 5 upper Cenomanian C451.64 Pseudamaura? bulbiformis borealis (Frech, 1887) 
Timbó 5 upper Cenomanian C451.66 Gyrodes? sp. B
Timbó 5 upper Cenomanian C451.65 ?
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Timbó 7 upper Cenomanian C450.9 Aporrhais? sp.
Timbó 7 upper Cenomanian C450.12 Aporrhais? sp.
Timbó 7 upper Cenomanian C450.17 Aporrhais? sp.
Timbó 7 upper Cenomanian C450.16 Drepanocheilus? sp. B
Timbó 7 upper Cenomanian C450.10 Anchura? sp. 
Timbó 7 upper Cenomanian C450.19 Anchura? sp. 
Timbó 7 upper Cenomanian C450.13 Volutomorpha? aspera? Dall, 1907 
Timbó 7 upper Cenomanian C450.11 Avellana? sp. 
Timbó 7 upper Cenomanian C450.20 ?
Várzea 2 lower or middle Turonian C613.20 ?
